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ABSTRACT
A range  o f occupa tiona l problem  so lve rs  are  in v e s tig a te d  us ing  know ledge  
a c q u is itio n  techn iques  su ita b le  fo r  the  com m ercial e n v iro n m e n t. The 
o b je c tiv e s  a re  both  to  u n d e rs ta n d  the  mechanisms b y  w h ich  e x p e rts  
ro u t in e ly  so lve tough  prob lem s w h ich com prise th e ir  jo b s  and to  de te rm ine  
w ha t com m ercia lly success fu l ro le  e x p e rt and know ledge-based  system s may 
ta ke  in  s u p p o rtin g  them.
A series  o f p rob lem  s o lv in g  com ponents are  fo u n d , common between d if fe re n t  
e xp e rts , w h ich  seem to  be re la ted  to th e  w ays in  w h ich e x p e rts  make 
prob lem s more manageable by  d iv id in g  them and s o lv in g  s u b -p ro b le m s  on a 
s e ria l basis. S tra te g ies  fo r  problem  d iv is io n  and com b in ing  the  s u b -p ro b le m  
re s u lts  are  fo u n d . In  some cases the  n a tu re  o f th e  prob lem  does n o t p e rm it 
th e  expe rts  to  make a good so lu tion  even when u s in g  such s tra te g ie s .
Based on the  in v e s tig a tio n s  a range o f fa c to rs  a re  fo u n d  w h ich p red ispose  
to  success o r  fa ilu re  to  im plem ent com m ercia lly  v ia b le  know ledge-based  
system s. A d d itio n a l new p o te n tia lly  w o rth w h ile  areas fo r  know ledge-based  
techno logy  a re  suggested .
A passing  com m entary is  made on the  a p p ro p ria te n e s s  o f th e  KADS 
m ethodology fo r  know ledge-based  system s and as a com ponent o f a com bined 
know ledge-based and conve n tiona l method.
A conc lu d in g  sum m ary is  made which suggests  th a t  e x p e rt and kno w le d g e - 
based system s have a good commercial fu tu re  p ro v id e d  th a t th e  te ch n o lo g y  
is  c a re fu lly  ta rg e te d  o n ly  a t those a p p lica tio n s  w here  i t  can be success fu l.
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CHAPTER 1 -  INTRODUCTION
T h is  th e s is  docum ents a jo u rn e y . The a u th o r  se t o u t on th is  resea rch  a t 
a tim e when the  cham pions o f e x p e rt system s w ere  p re d ic t in g  th a t  th e y  
w ould  p la y  a m a jo r ro le  in  commercial p rob lem  s o lv in g . T he re  was g re a t 
en thus iasm  fu e lle d  b y  th e  Japanese com mitm ent to  th e ir  F ifth  G eneration 
P ro je c t and by th e  p o p u la r re p o rts  and p re d ic tio n s  o f a u th o rs  and 
jo u rn a lis ts .
The a u th o r 's  jo u rn e y  was fue lled  p a r t ly  b y  h is  academ ic in te re s t  in  the  
b e h a v io u r o f occupa tiona l expe rts  and p a r t ly  by  h is  a b i l i ty  to  engage a 
success fu l ca re e r in  th e  new w o rld  o f com mercial e x p e rt system s. The 
o b je c tiv e s  o f th is  research  have remained la rg e ly  unchanged th ro u g h o u t its  
course . These w ere to  in v e s tig a te  the  n a tu re  o f the  p rob lem  so lv in g  
b e h a v io u r o f occupa tiona l expe rts  and to  d e te rm ine  how such b e h a v io u r 
cou ld  be b es t in v e s tig a te d , us ing  a p p ro p ria te  te ch n iq u e s  o f know ledge 
a c q u is itio n , as a ro u te  to  p ro v id in g  com m ercia lly u se fu l e x p e rt system s.
A lth o u g h  th e  o b je c tiv e s  have remained unchanged the  scope fo r  
in v e s tig a t io n  w idened v e ry  cons ide rab ly  as a re s u lt  o f em ploym ent 
o p p o rtu n it ie s . In it ia l ly ,  and when an em ployee a t B r it is h  Telecom, the  
a u th o r  co n ce n tra te d  h is  e f fo r ts  on in v e s tig a t in g  and re p lic a t in g  th e  s k il ls  
o f e le c tro n ic s  d iagno s tic ians . The w o rk  was su ccess fu l and, w ith  changes 
o f em ploym ent f i r s t  to  management co n su ltancy  w ith  Coopers & L y b ra n d  and 
then  to  system s deve lopm ent a t H itachi, the  a u th o r  in v e s tig a te d  many more 
occupa tiona l tasks  and po ten tia l a p p lica tio n s  fo r  e x p e rt system s. A 
w o rth w h ile  num ber o f these in v e s tig a tio n s  came to  f r u i t io n  and th e  re s u lta n t
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e x p e rt system s w ere b u ilt .  However, fo r  va riou s  reasons, m any o f the  
in v e s tig a tio n s  w ere e ith e r  c u r ta ile d  fo r  lack o f spon so rsh ip  o r  because no 
feas ib le  system  cou ld  be im plem ented.
And th e  a u th o r 's  s to ry  pa ra lle led  th e  chang ing  fo rtu n e s  o f e x p e rt system s 
in  th e  w id e r w o rld . M a jo r p u b lic  in ves tm en t from  th e  A lve y  and ESPRIT 
in it ia t iv e s  led  to  th e  deve lopm ent o f a considerab le  num ber o f w ide ly  
re p o rte d  e x p e rt system s. Good too ls, methods and expe rience  em erged from  
these in it ia t iv e s  and th e  explosion o f expe rt system s usage seemed ju s t  
a ro u n d  the  c o rn e r.
B u t i t  has no t happened. The w o rld  o f e xp e rt system s is  n o t dead. 
However, i t  has fa ile d  to  p roduce  th e  v ib ra n t fu tu re  th a t was so s tro n g ly  
p re d ic te d . Of cou rse  th e re  are  good examples o f e x p e rt system s in  a c tive  
and p ro f ita b le  use. Of cou rse  th e re  has been the  a b so rp tio n  o f much e x p e rt 
system s techno logy  in to  m ainstream  com puting. Of cou rse  th e re  are  s t i l l  
companies m aking a good l iv in g  o u t o f e xp e rt system s p ro d u c ts  and 
co nsu ltancy . B u t th e  g ra n d  prom ise has s tab ilised  in to  a re spec tab le  n iche 
m arke t.
So w h a t w en t w rong?  C e rta in ly  th e re  was no lack  o f exce llence in  th e  
m a jo r ity  o f th e  research  and the  commercial p rodu c ts . Some o f th e  a c t iv ity  
s t i l l  con tin ues  in , fo r  in s tance , the  w o rk  on the  KADS, the  acronym  fo r  a 
Knowledge, A n a lys is  and Documentation System, (S c h re ib e r, 1992) 
m ethodology w h ich  o ffe rs  a real ro u te  to  the system atic  b u ild in g  o f e x p e rt 
system s. And th e  too ls  w ere  good. KEATS (Motta, Raj an & E isens tad t, 1988), 
She lley (A n jew ie rden , W ielemaker e t al, 1992) and the  re s t. B u t w here  were 
th e y  used? Of course , good examples w ill be quoted by  th e ir  sponsors . B u t 
none o f the  m ethodologies o r  too ls have achieved a n y th in g  lik e  a w o rth w h ile
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le ve l o f commercial usage. Most o f th e  re la t iv e ly  few  e x p e rt system s in  
c u r re n t  use have been the  w o rk  o f ded ica ted  know ledge e n g in e e rs  us ing  
re la t iv e ly  p r im it iv e  too ls  and techn iques .
And w ha t is  the  a u th o r 's  pos ition?  He has s p e n t th e  la s t few  ye a rs  o f h is  
ca re e r t r y in g  to  make e x p e rt system s w o rk  in  p ra c tice . And lik e  the  
m a jo r ity  o f the  commercial e x p e rt system s com m unity , he has n e ve r used 
KADS o r  any o f the  sm art to o lk its  to  ass is t h is  w o rk . Much as he adm ired 
th e  ongo ing  w o rk  on these too ls o r  p ro je c ts , none o f h is  p ro je c ts  seemed 
"q u ite  r ig h t "  fo r  th e ir  use.
So w ha t has th is  research  d iscovered?  A score  o f poss ib le  e x p e rt system s 
o p p o rtu n it ie s  are  re p o rte d  in  w hat fo llow s. In  some cases ju s t  th e  bare 
bones o f the  problem  have been in v e s tig a te d , in  o th e rs  a fu l l  e x p e rt system  
has been su cc e s s fu lly  im plem ented and dep loyed . And th e re  a re  a range  o f 
in te rm e d ia te  cases. And th e  f in d in g s  fa ll in to  seve ra l ca tegories.
F irs t,  some re la t iv e ly  mundane f in d in g s  on how to  a cq u ire  and o rgan ise  
e x p e rtise  und e r c o n d itio n s  o f commercial a d v e rs ity  and p re ssu re . Not all 
s itu a tio n s  are lik e  th e  academic la b o ra to ry  and i t  is  o ften  necessary to  
u n d e rta k e  a t leas t the  in it ia l stages o f know ledge  a cq u is itio n  on a ra p id  
basis ju s t  so as to enable  a case fo r  fu n d in g  to  be p u t to  th e  system  
sponsor.
Second, some p a ra lle ls  began to  emerge in  th e  way th a t e xp e rts  o rgan ise  
them selves to  so lve ro u tin e  commercial p rob lem s. And, perhaps, to  cope w ith  
the  lim ita tio n s  in  th e ir  own c o g n it iv e  a b ilit ie s . In v e s tig a tio n s  o f d if fe re n t  
prob lem  so lve rs  began to  show common "com pon en ts " in  th e ir  problem  
s o lv in g  a rc h ite c tu re s . For ins tance , th e re  w ere  com ponents w h ich  th e y  used
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to  co n s tra in  a prob lem  to  make i t  manageable. And, once c o n s tra in e d , how 
to  p ro g re ss  v a r io u s  aspects o f the  problem  sepa ra te ly  and th e n , w here 
a p p ro p ria te , how to  combine the  re s u lts  in to  an o ve ra ll conc lus ion .
i
' T h ird , a whole range  o f issues and obstacles evo lved w h ich  w ere  c r it ic a l fo r  
the  success o r  fa i lu re  in  in d iv id u a l e xp e rt system s. And, aga in , a p a tte rn  
began to  em erge and the  issues s ta rte d  to  be repeated in  to ta lly  d if fe re n t  
e x p e rt system s o p p o rtu n it ie s . In  some cases overcom ing th e  obs tac le  led  to  
a success fu l im p lem enta tion . In  o th e rs  i t  was the  key fa c to r  th a t  p re v e n te d  
th e  system  m oving to  a fu l l  im plem entation, o r even be ing  f u l ly  in v e s tig a te d .
The p a tte rn  o f th is  thes is  is  s tra ig h tfo rw a rd . C hapte r 2 b r ie f ly  se ts  o u t 
the  b a ckg ro u n d  to  th is  research  and po in ts  to  the  dilemma o u tlin e d  above. 
The too ls  and m ethods seem good b u t they  are h a rd ly  used and th e re  are  
re la t iv e ly  few  e x p e rt system s in  a c tive  commercial use.
C hap te r 3 is  a lo ng  c h a p te r w h ich  re p o rts  on a co n s id e ra b le  num ber o f 
e x p e rt system s in v e s tig a tio n s  fo r  w h ich the  a u th o r has been respon s ib le . 
A s ta n d a rd  fo rm a t is  used and the  tasks  are re p o rte d  ro u g h ly  in  o rd e r  o f 
in c re a s in g  com p lex ity . D u ring  these re p o rts  th e re  is  a p ro g re s s iv e  
id e n t if ic a t io n  o f th e  problem  s o lv in g  components th a t re c u r  aga in  and again. 
And, as p a r t  o f th e  com m entary on each in v e s tig a tio n , note is  taken  on th e  
key issues, overcom e o r o the rw ise , which were c ru c ia l to  th e  success o r 
fa ilu re  to  im p lem ent an e x p e rt system  based on the  in v e s tig a t io n .
C hapte rs  4, 5 and 6 take  up separa te  aspects o f the  f in d in g s  re s u lt in g  from  
the  in v e s tig a t io n s  re p o rte d  in  C hapte r 3. C hapte r 4 is  a re c o rd  o f the  
p ra c tic a l expe rience  and te chn iques  used and deve loped in  o rd e r  to  
u n d e rta k e  the  in v e s tig a tio n s . Much o f i t  is  concerned  w ith  know ledge
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a c q u is itio n  in  the  commercial s itu a tio n . The a u th o r  has been v e ry  fo r tu n a te  
in  th a t h is  v a r io u s  em ploym ents have p ro v id e d  him w ith  a r ic h  v a r ie ty  o f 
e x p e rt system s o p p o r tu n it ie s  h a rd ly  l ik e ly  to  be enco un te red  b y  th e  f u l l ­
tim e academic resea rche r. However, the  re a lit ie s  o f th e  commercial s itu a tio n  
o fte n  mean th a t e xp e rts  a re  d i f f ic u l t  to  access and th a t a v e ry  ra p id  
"s c o p in g " o f the  know ledge has to  be u n d e rta ke n  be fo re  a fu l l  system  w ill 
be fu nded . C hapte r 4 re p o r ts  on the  t r ic k s  and compromises th a t  the  
a u th o r  has found  necessary to  achieve h is  o b je c t iv e s  u n d e r s itu a tio n s  o f 
commercial p ressu re .
C hapte r 5 is  a re la t iv e ly  s h o r t  c h a p te r sum m aris ing  the  "p rob lem  s o lv in g  
com ponents" p ro g re s s iv e ly  id e n tif ie d  in  C h a p te r 3. What s tra te g ic  
com binations o f such com ponents do exp e rts  use to  overcom e th e  lim ita tio n s  
in  th e ir  own a b ilitie s?  W hat is  the  com m onality o f these  com ponents between 
exp e rts  in  w id e ly  d i f fe re n t  fie ld s?  Is  th e re  any  va lue  in  re c o g n is in g .s u c h  
common com ponents when im p lem enting  e x p e rt system s? Or a re  th e y  ju s t  
a r t ifa c ts  o f th e  human e x p e rts  b e tte r  le f t  b e h in d  when the  e x p e rtis e  is  
tra n s fo rm e d  fo r  th e  machine? The f in d in g s  p resen ted  in  C hap te r 5 are 
re la t iv e ly  c le a r in s o fa r as th e  n a tu re  and p u rp o se  o f the  prob lem  so lv in g  
com ponents fo u n d  in  C hap te r 3. B u t th e re  a re  many unansw ered ques tions  
as to  the  va lue  o f th e  f in d in g s  fo r  th e  com mercial e x p e rt system s 
im p lem ento r o r  th e o r is t.
C hapte r 6 p resen ts  th e  th ir d  and f in a l p e rs p e c tiv e  on the  f in d in g s  o f 
C hapte r 3. A range o f fa c to rs , in  common to p ic  g ro u p in g s , are  p resen ted  
w h ich e ith e r  p red isposed  to  fe a s ib il ity ,  success o r  fa ilu re  o f p a r t ic u la r  
e x p e rt system s im plem enta tions. Where success was ach ieved, o r  cou ld  have 
c le a rly  been achieved w ith  the  spon so r's  g o o dw ill, then  th e  ena b ling  
tech n iq u e  o r  method is  c le a r ly  id e n tif ie d . C onverse ly , w here  a m ajor
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obstac le  p re ve n te d  a com m ercia lly feas ib le  im p lem enta tion  then  th is  is  
d e sc rib ed  to g e th e r w ith  suggestions , i f  any, o f ways w h ich  m ig h t overcome 
s im ila r obstacles in  fu tu re .
A fu r th e r  p a r t ic u la r  to p ic  is  cons ide red  as p a r t  o f C hap te r 6. The 
in v e s tig a tio n s  in  C hapter 3 have h ig h lig h te d  a num ber o f o p p o rtu n it ie s  
w here  e x p e rt system s need to  re s t on, and com m unicate between, the  
know ledge o f tw o o rg a n is a tio n a lly  separa te  e xpe rts . A key example is  th a t 
p ro v id e d  b y  th e  d es igne r and d iagno s tic ian  o f a p iece o f e le c tro n ic  
equ ipm en t who have the  same domain o f in te re s t  (ie  th e  p a r t ic u la r  c ir c u it )  
b u t who ne ve r m eet and com m unicate p o o rly  to  th e ir  m utual w o rk in g  
d e tr im e n t.
C hap te r 7 takes an o p tim is tic  stance fo r  the  fu tu re  and sum m arises a series  
o f re la t iv e ly  s tra ig h tfo rw a rd  measures th a t cou ld  re c o v e r some o f the  
prom ise o f e x p e rt systems. A ctions in  s u p p o rt o f some o f these  measures 
are  a lre a d y  in  p ro g re ss  and i t  may be th a t more w idesca le usage o f e x p e rt 
system s, maybe b y  ano the r name, w ill be seen no t too fa r  in  th e  d is ta n t 
fu tu re .
C hap te r 8 is  a s h o r t conc lud ing  sum m ary o f th e  w o rk  and is  fo llow ed by 
A cknow ledgem ents and a B ib lio g ra p h y .
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CHAPTER 2 -  BACKGROUND TO THE RESEARCH
2.1 INTRODUCTION
Th is  c h a p te r sets the  scene fo r  the  rem a inder o f  th is  thes is . F irs t ,  th e re  
is  a re v ie w  o f  a spectrum  o f academic and com m ercial in te re s ts  ra n g in g  from  
human s im u la tion  to  know ledge based system s. On th e  one hand th e re  are 
those, m a in ly  from  academia, who are m otiva ted  to  u n d e rs ta n d  th e  w o rk in g s  
o f human co g n itio n  in  the  f ie ld  o f problem  s o lv in g . On the  o th e r  hand th e re  
a re  those  who w ant to  use know ledge a cq u ire d  fro m  humans as th e  basis o f 
s o ftw a re  to  p ro v id e  bus iness advantage. The a u th o r  s tands  in  bo th  camps.
Second, th e re  is  a b r ie f  rev iew  o f some c u r re n t  th e o rie s  and models o f 
exp e rtise . T h is  leads d ire c t ly  to  a d iscuss ion  o f KADS and s u p p o rtin g  
to o lk its  fo r  know ledge eng ineers. There  has been much research  and 
app lied  p ro g re s s  in  re ce n t years and e x p e rt and know ledge-based  system s 
shou ld  b y  now be deep ly  en trenched  in  com m ercial use.
But, in  th e  b r ie f  th ir d  p a r t  o f th is  ch a p te r, we no te  th a t  th e  prom ise has 
no t been d e live re d . E xp e rt system s s t i l l  have a te n ta t iv e  ro le  in  commercial 
in fo rm a tio n  techno logy  and th e re  is  l i t t le  s ig n  o f th e  lo n g -e xp e c te d  explosion 
o f usage.
2.2 A I. HUMAN REPLICATION. EXPERT SYSTEMS AND KBS
There  is  reasonable consensus on a core d e f in it io n  o f A r t if ic ia l In te llig e n c e  
(A I) in  a fo rm  ty p ic a lly  such as " th e  p a r t  o f co m p u te r science concerned 
w ith  d e s ig n in g  in te llig e n t com puter system s, th a t  is , system s th a t  e x h ib it  the
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c h a ra c te r is t ic s  we associate w ith  in te llig e n c e  in  human b e h a v io u r -  
u n d e rs ta n d in g  language, le a rn in g , reason ing , problem  so lv in g , and so on ." 
(B a rr  & Feigenbaum, 1981). N everthe less, a lthough  th e re  is  agreem ent on 
the  n a tu re  o f AI, th e re  have always been cons ide rab le  d iffe re n c e s  in  the  
m otiva tions o f those p u rs u in g  the  s tu d y  o f AI. For some, in c lu d in g  the  
a u th o r, AI is  seen as a means o f e x p lo r in g  and te s tin g  ideas on th e  n a tu re  
o f human co g n itio n . In  o u r  own case we are in te re s te d  to  d is c o v e r how 
humans solve (o r make e r ro rs  in  s o lv in g ) real l i fe  problem s.
The "hum an re p lic a tio n "  s u b -s e t o f A I is  concerned w ith  th e  deve lopm ent o f 
com pute r p rogram s th a t n o t o n ly  d e liv e r  the  same re s u lts  (ie  su rfa ce  
appearance) o f in te ll ig e n t  humans b u t also have u n d e r ly in g  mechanisms 
analogous to  those o f the  human problem  so lve r.
In  the  re s t o f A I th e re  is  no such a tte m p t a t human re p lic a tio n  and, q u ite  
o fte n , th e re  is  f o r th r ig h t  de te rm ina tio n  to  "b e t te r "  the  human process (eg 
N ilsson, 1971). Commercial sponsors a re  g e n e ra lly  no t in te re s te d  on research  
in to  human co g n itio n . They p r im a r ily  see A I as a p o w e rfu l way o f a tta c k in g  
bus iness problem s not p re v io u s ly  amenable to  "c o m p u te r is a tio n ". S p e c if ic a lly  
"e x p e rt system s" (cons ide red  fu l ly  in  te x ts  such as Hayes-R oth, Waterman 
& Lenat, 1983) can be cons ide red  as com pute r p rogram s, w ith in  es tab lished  
AI techno logy , th a t s im u la te  o r  s u p p o r t  the  s k il l o f a s in g le  occupa tiona l 
human problem  so lve r.
As we un d e rs ta n d  i t  e x p e rt system s:
(a) are  ra re ly  concerned w ith  human re p lic a tio n ; com petent
perfo rm ance  is  the  sole c r ite r io n  and re p re s e n ta tio n s  and 
mechanisms analogous to  the  human are no t re q u ire d .
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(b ) are re s tr ic te d  to  d e r iv a tiv e s  o f th e  p rob lem  s o lv in g  s tra n d  o f
AI (ie  the  s tra n d  o r ig in a t in g  from  game p la ye rs , jo u rn e y  
p lanne rs  e tc ). E xpe rt system s a re  no t concerned  w ith  
pe rcep tion , n a tu ra l language u n d e rs ta n d in g , ro b o tics  e tc  
a lthough  these o th e r A I s u b - f ie ld s  a re  sometimes in v o lv e d  in  an 
in te g ra te d  e x p e rt system s im p lem en ta tion .
(c) are m otivated by com m erc ia l/bus iness  needs and app lica tions .
As such o n ly  feas ib le  a p p lic a tio n s  w ith in  the  c u r re n t ly  
es tab lished  A I techno logy  a re  n o rm a lly  cons ide red . For 
instance, e x p e rt system s based on n e u ra l com pu ting  w ill become 
com m ercia lly v ia b le  o n ly  i f  and when th a t  techno logy  becomes 
s u f f ic ie n t ly  genera lised and re lia b le  fo r  w idespread  commercial 
use. t,
(d ) are in te n d e d  to  s im ulate (o r  s u p p o r t)  th e  experience  o f a s in g le
human problem  so lve r. Th is  is  a c ru c ia l lim ita tio n  and im plies 
th a t an e x p e rt system  is  " s u f f ic ie n t "  i f  i t  matches the  
competence o f the  e x p e rt on whose know ledge  i t  was based. I t  
also im p lies th a t e x p e rt system s, a lth o u g h  th e y  may be based 
on the  e xp e rtise  o f more than  one e x p e rt, do no t necessarily  
s im ula te  the  co -o p e ra tive  prob lem  s o lv in g  s k il ls  o f a com m unity 
o f experts .
The te rm  "know ledge-based  system s" (KBS) is  w id e r  than  the  te rm  "e x p e rt 
sys tem s" and covers system s which em ploy fo r  th e ir  p rocess ing  know ledge 
a cq u ire d  from  humans b u t  w h ich have bo th  an e x te rn a l appearance and an 
in te rn a l a rc h ite c tu re  and mechanisms th a t may have n o th in g  in  common w ith  
any human expe rt. Jackson (1990) p ro v id e s  a u se fu l example to  d is tin g u is h
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between the  g e n e ra lity  o f a KBS and the  spe c ific  b e h a v io u r o f an e x p e rt 
system . He c ite s  a p rog ram  capable o f conve rs ing  abou t th e  w ea th e r as 
be ing  a KBS, p ro v id in g  i t  pe rfo rm s its  task  b y  a p p ly in g  h e u r is t ic s  to  a 
sym bo lic  re p re s e n ta tio n  o f know ledge, even i f  i t  d id  n o t em body any 
e x p e rtise  in  m eteoro logy. However, an e x p e rt system  in  th e  domain o f 
m eteoro logy o u g h t to  be able to  p ro v id e  w eather fo re ca s ts  o r  some o th e r 
o u tp u t e q u iv a le n t to  th a t o f a human expe rt.
Thus, in  o u tlin e  sum m ary, human re p lic a tio n  demands bo th  pe rfo rm a n ce  and, 
in s o fa r  as is  poss ib le , in te rn a l mechanisms analogous to  th a t o f th e  e xp e rt. 
E xp e rt system s re q u ire  o n ly  elements o f ex te rna l perfo rm ance  e q u iv a le n t to  
th a t o f an e x p e rt and know ledge-based system s g a in fu lly  use know ledge 
a cq u ire d  from  humans as so ftw a re  b u ild in g  b locks to  d e liv e r  pe rfo rm ance  
th a t may o r  may n o t be a n y th in g  lik e  th a t o f a human e x p e rt.
2.3 CURRENT THEORIES AND MODELS OF EXPERTISE
Theories  on th e  n a tu re  o f expe rtise , and how i t  shou ld  be m odelled, a re  seen 
b y  th e  a u th o r as be ing  made in  two o rthogona l b u t com p lim en ta ry  d ire c tio n s . 
The s ta r t in g  p o in t fo r  bo th  p rog ress ions  is  the  a ll-p u rp o s e  g e n e ra lis t 
re p re s e n ta tio n  o f know ledge w h ich  has long pervaded th e  e x p e rt  system s 
w o rld . Newell (1982) s ta rte d  the  b reak w ith  th is  t ra d it io n  w ith  "The  
Knowledge Leve l" w here  he emphasised the  need to d e sc rib e  th e  ty p e s  o f 
know ledge re q u ire d  to  p e rfo rm  a reason ing task. The f i r s t  d ire c t io n , ta k in g  
an approach in v o lv in g  G eneric Task Knowledge is  d e sc rib e d  f i r s t  and is  
fo llow ed b y  a b r ie f  re v ie w  o f those advoca ting  the  S tru c tu re d  Roles o f 
Knowledge. T h is  la t te r  to p ic  leads in to  a d iscuss ion  o f th e  KADS 
m ethodology w h ich  is  now o f in c re a s in g  im portance  fo r  th e  p r in c ip le d
10
B ac kg ro und  to  t h e  R e s e w c h
b u ild e r  o f know ledge-based  system s. A fu r th e r  d iscuss ion  re le v a n t to  KADS 
is  in c lu d e d  in  C hapte r 7 w here  we rev iew  th e  im p lica tio n s  o f th e  research  
describ ed  in  th is  thes is .
G eneric Task Knowledge
In  one d ire c tio n  C handrasekaran  (1987) o u tlin e s  a Generic Task approach 
w h ich  is  claimed to  p ro v id e  a b e tte r  fram ew ork  fo r  b u ild in g  e x p e rt system s. 
He claim s th a t  the  le ve l o f a b s tra c tio n  c u r re n t ly  used fo r  b u ild in g  
know ledge-based system s is  too low  to  p ro v id e  a s u f f ic ie n t ly  r ic h  v o ca b u la ry  
fo r  know ledge and c o n tro l. The c u r re n t  le ve l, w ith  ru les , fram es, lo g ic  e tc  
is  som eth ing o f an assem bly language  fo r  know ledge.
What C handrasekaran cla im s is  needed are h ig h e r  le ve l b u ild in g  b locks  each 
a p p ro p ria te  to  a p a r t ic u la r  ty p e  o f problem  s o lv in g . Such b u ild in g  b locks  
each map on to  one o f a num ber o f "g e n e r ic  ta s k s " , such as d iagnos is , and 
th e ir  use both  p ro v id e s  a r ic h e r  and more a p p ro p r ia te  vo ca b u la ry  and also 
o ffe rs  a more n a tu ra l ro u te  fo r  know ledge a c q u is itio n .
In  C handraseka ran 's  scheme o f th in g s  each re p re se n ta tio n  has a n a tu ra l 
fa m ily  o f in fe re n ce  mechanisms th a t can ac t on it .  T oge the r th e y  fo rm  an 
a rc h ite c tu re  and, i f  th e  in fe re n c e  is  fixed , th e  re s u lt in g  in fe re n c e  scheme 
fo rm s a g en e ric  she ll in to  w h ich  th e  a p p ro p ria te  know ledge can be in s e rte d .
C handrasekaran p ro v id e s  a f i r s t - r a te  re p o r t  o f th e  way in  w h ich real e x p e rt 
system s know ledge bases do no t e x p lic it ly  revea l the  c o n tro l s tru c tu re s  
w h ich  th e  know ledge e n g in e e r has im p lic it ly  p re - fa b r ic a te d  to  e x p lo it th e  
p e c u lia r it ie s  o f, fo r  in s tan ce , the  backw ard  o r  fo rw a rd  ch a in in g  mechanisms
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p ro v id e d  by  a she ll. He also p o in ts  to  the  cons ide rab le  p re -o c c u p a tio n  w ith  
c o n f lic t- re s o lu t io n  s tra te g ie s  to  m anipu la te  c o n tro l. Such c o n tr iv e d  c o n tro l 
w ould  no t be necessary i f  th e  know ledge were p ro p e r ly  o rgan ised  (ie  
m odu la rised ) to  t ig h t  re le v a n t bod ies o f know ledge.
C handrasekaran  p ro v id e s  a de ta iled  in tro d u c tio n  to  G eneric  Tasks and, in  
p a r t ic u la r ,  th e  G eneric Tasks in v o lv e d  in  d ia gno s tic  reason ing . In  passing  
he m entions th e  "F a lla cy  o f S u rface  Phenomenalism" w h ich  re s u lts  from  the  
dum b s im u la tion  o f e x p e rt b e h a v io u r w ith o u t any  aw areness o f the  
u n d e r ly in g  in te rn a l a rc h ite c tu re s  o f th e  generic  ta sks  s im u la ted .
C h a nd raseka ran 's w o rk  seems to  be s im ila r ly  m otiva ted  and in  the  same 
genera l d ire c tio n  as C lancey's (1985) w o rk  on H e u ris tic  C lass ifica tion . 
However, a lth o u g h  C handrasekaran focuses m o re -o r- le s s  e x c lu s iv e ly  on 
d ia g n o s tic  reason ing  as a prim e example fo r  the  G eneric Task app roach , he 
has à fa r  w id e r  p e rsp e c tive  th a n  Clancey.
C lancey also approaches the  s itu a tio n  in  reverse . W hereas C handrasekaran  
is  unab le  to  accep t the  inadequacies o f the  "assem bly la n g u a g e " ru le s  e tc 
and sees a range  o f Generic Tasks w ith  co rre sp o n d in g  a rc h ite c tu re s , C lancey 
(a lb e it  w ith  g re a t elegance and d e ta il)  m erely no tices  th a t  a class o f 
p rog ram s happen to  a ll reduce to  w ha t C handrasekaran may have ca lled a 
s in g le  G eneric Task A rc h ite c tu re s .
In  sum m ary, C handrasekaran , C lancey and o th e rs  are  m oving  th e  a ll-p u rp o s e  
g e n e ra lis t re p re se n ta tio n  o f know ledge in  the  d ire c tio n  o f ta s k - ty p e -s p e c if ic  
sh e lls  and a rc h ite c tu re s .
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S tru c tu re  Roles o f Knowledge
The o th e r  d im ension o f movement is  spearheaded by  w o rk e rs  such as 
W ie linga and B re u k e r (1986) who em phasise th e  d if fe re n t  s t ru c tu ra l ro les  
th a t  know ledge can p la y  in  the  reason ing  p rocess. W ielinga and B re u k e r 
see a fo u r - la y e r  s t ru c tu re  o f know ledge. The la y e rs  re p re s e n t domain 
know ledge, in fe re n c e  know ledge, task  know ledge and s tra te g ic  know ledge. 
O the r w r ite rs ,  fo r  example Steels (1988) and Pople (1982), have d if fe re n t  
emphases and use d if fe re n t  te rm in o lo gy  b u t  b a s ica lly  a ll p ropose  a 
d if fe re n t ia t io n  o f know ledge acco rd ing  to  its  ro les  in  th e  reason ing  process.
W ielinga and B re u k e r make a m ajor p o s itiv e  s ta tem en t in  th e ir  demand th a t  
any  d e s c r ip tio n a l fra m e w o rk  fo r  know ledge sh o u ld  be a t the  ep is tem o log ica l 
le ve l. P e rsona lly  we do no t have any o b je c tio n  to  know ledge e n g in e e rs  
when th e y  make th e  occasional co lloqu ia l d e s c r ip tio n  o f humans as " fo rw a rd  
c h a in in g "  etc. Such te rm s now have an in fo rm a l meaning o v e r and above 
th e  im p lem enta tiona l m eaning.
N everthe less, a t th e  more serious le ve l, W ie linga and B re u k e r's  c r it ic is m  o f 
c u r re n t  A I d e s c r ip tio n s  w h ich repea ted ly  g ra v ita te  to  th e  im p lem enta tion  
leve l a re  ex trem e ly  w e ll-fo u n d e d . KADS, w h ich  re s ts  h e a v ily  on th e ir  w o rk , 
is  d iscussed  im m edia te ly below.
2.4 KADS KBS DEVELOPMENT METHODOLOGY
KADS (W ielinga, S c h re ib e r & B reuke r, 1992) is  a s t ru c tu re d  m ethodo logy fo r  
the  deve lopm ent o f know ledge-based system s. I t  is  the  re s u lt  o f a v e ry  
e ffe c t iv e  co llab o ra tion  between s tro n g  academic and in d u s tr ia l p a r tn e rs . The
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success and prom ise o f th e  w o rk  has led to  m ajor ESPRIT and o th e r 
fu n d in g . In  a d d itio n  to  i t s  e x is tin g  commercial users, KADS is  now u n d e r 
a c tive  cons ide ra tion  by  many deve lope rs  o f advanced so ftw a re  system s.
KADS is  based on th e  prem ises th a t  know ledge e n g in e e rin g  is  a d i f f ic u l t  
ta sk  and th a t a s t ru c tu re d  ro u te  m ust be p ro v id e d  to  tra n s fo rm  human 
e xp e rtise  in to  ru n n a b le  know ledge-based  system s.
KADS uses a m odelling approach to  cope w ith  the  com plexities o f th e  e x is tin g  
human and o rg a n isa tio n a l s itu a tio n  and its  successive tra n s fo rm a tio n  to  a 
s itu a tio n  em ploying  a know ledge-based  system.
M odelling is  use fu l s ince  i t  allows c e rta in  aspects o f a ta rg e t  know ledge - 
based system  to  be em phasised w h ils t, a t the  same tim e, ig n o r in g  o th e r 
aspects which may be com m itted to  a n o th e r model. (W ielinga, S c h re ib e r & 
B reuke r, 1992) claim th a t  th e  use o f m u ltip le  models a llow s th e  know ledge 
e n g in e e r to  use a "d iv id e -a n d -c o n q u e r"  s tra te g y  to  cope w ith  the  
com plexities o f the  know ledge e n g in e e rin g  process.) Thus, fo r  in s tan ce , an 
O rgan iza tiona l Model has on ly  to  cons ide r the  so c io -o rg a n iza tio n a l 
e nv iro nm en t in  w h ich  th e  know ledge-based system  w ill be re q u ire d  to  
pe rfo rm  its  task . In  co n tra s t, th e  A pp lica tion  Model de sc rib e s  w hat 
prob lem s the  ta rg e t a p p lica tio n  shou ld  so lve in  the  o rg a n iza tio n , w ha t shou ld  
be its  o rgan iza tion a l fu n c t io n  and w h a t a re  its  o rgan iza tion a l c o n s tra in ts  in  
te rm s o f speed, ha rdw are  re q u ire m e n ts  and in te g ra tio n  w ith  o th e r  system s. 
In. some respects , th e  A p p lica tio n  Model is  th e  c losest th in g  to  a "Job 
D e sc rip tio n " fo r  the  know ledge-based system.
The A p p lica tion  Model is  re la ted  to  th e  Task Model in  th a t  th e  Task Model 
dem onstra tes how the  fu n c tio n s  sp e c ifie d  in  the  A p p lica tio n  Model a re
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s a tis fie d  by  the  tasks  perfo rm ed b y  th e  system .
Tasks are  u su a lly  decomposed in to  s u b - ta s k s  and p r im it iv e  ta s k s  th a t  are  
them selves modelled by  th e  Model o f C ooperation and th e  Model o f E xpertise . 
Here again th e  use o f d if fe re n t  models, c o v e r in g  th e  separa te  aspects o f 
"c o o p e ra tio n " and "e x p e rt is e " , o ffe rs  th e  know ledge  e n g ine e r p o w e rfu l 
assistance in  u n d e rs ta n d in g  and m a n ip u la tin g  th e  c o n te n t o f th e  e v o lv in g  
know ledge-based system.
The Model o f Cooperation p ro v id e s  a s p e c if ic a tio n  o f those ta s k s  w here 
coop e ra tive  e f fo r t  is  re q u ire d . For in s tance , a know ledge-based  e le c tro n ics  
d ia g n o s tic  system  m ust re ly  on a human u se r to  a c tu a lly  pe rfo rm  com ponents 
s u b s titu t io n . S im ila rly , a fin a n c ia l t ra d e r  may w an t c e rta in  Reuters 
in fo rm a tio n  to  be "v o lu n te e re d "  to  a know le dge -base d  system  s ince  th is  is  
e x a c tly  the  s o r t  o f in fo rm a tio n  to  w h ich  he w o u ld  be c o n tin u a lly  a le rt..
The co n s tru c tio n  o f the  Model o f E xp e rtise  is  th e  co re  enab ling  a c t iv i ty  in  
know ledge-based system  b u ild in g . I t  is  also th e  key  d is t in g u is h in g  fe a tu re  
th a t  separa tes know ledge-based system  b u ild in g  fro m  conven tiona l system s 
deve lopm ent. We w ill co n s id e r the  Model o f  E x p e rtis e  in  a l i t t le  more de ta il 
s ince  some o f the  w o rk  re p o rte d  in  th is  th e s is  co n s id e rs  know ledge which 
is  o u ts id e  the  Model o f Expertise .
The Model o f E xpertise  is  expressed in  te rm s  o f th e  b e h a v io u r th a t the  
ta rg e t  system  shou ld  d isp la y  and the  know ledge  th a t fa c ilita te s  th e  
genera tion  o f such beh a v io u r. The s p e c ific a tio n  o f the  Model o f E xpertise  
is  a t the  "know ledge  le v e l"  (Newell, 1982) ra th e r  than  the  sym bol level 
w here  the  emphasis is  on com putationa l te c h n iq u e s  and re p re se n ta tio n s , such 
as ru le s  and fram es, th a t  w ill genera te  th e  b e h a v io u r o f the  im plem ented
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system.
A key aspect fo r  o u r  co n s id e ra tio n  is  th a t the  Model o f E xp e rtise  and, fo r  
th a t m a tte r a ll o f th e  o th e r  KADS models, are biased to w a rd  w h a t th e  ta rg e t  
know ledge-based system  shou ld  do ra th e r  than how a p a r t ic u la r  human 
e x p e rt behaves. KADS is  a m ethodology whose o b je c tiv e  is  to  p ro d u ce  v ia b le  
know ledge-based system s and i t  w ould be unusual i f  i t  took  a backw ard  look 
in  the  fo rm  o f a C o gn itive  Model o f the  e x is tin g  human e x p e rt. Hence th e  
use and a p p ro p ria te n e ss  o f th e  te rm  "know ledge-based  sys tem s" ra th e r  than  
the  te rm  "e x p e rt sys tem s" w h ich  may have a conno ta tion  o f m ode lling  a 
p a r t ic u la r  e xp e rt.
Form ula tion o f th e  Model o f E xp e rtise  (and, more in  th e o ry  than  p ra c tice , 
o th e r models) is  much ass is ted  b y  th e  a v a ila b ility  o f l ib ra r ie s  o f re -u s a b le  
model elements. Two p a r t ic u la r  ty p e s  o f re -usab le  e lem ents are  ava ila b le  in  
KADS. The f i r s t  a re  p r im it iv e  problem  so lv in g  ac tion s  such as the  
in s ta n tia tio n  o f a concep t to  an ins tance . In  KADS such p r im it iv e s  are  
term ed "know le dge  so u rces". (We use th is  term  and d e fin e  i t  in  C hap te r 3 
w ith  a w id e r m eaning.)
The second ty p e  o f re -u s a b le  elem ent is  la rg e r  than th e  know ledge source  
and is  term ed an in te rp re ta t io n  model. In te rp re ta t io n  models a re  p a r t ia l 
models o f e x p e rtis e  w h ich  la c k  th e  de ta ils  o f actua l domain models. A 
decis ion tre e  re fe re n c in g  a taxonom y of task  ty p e s  is  used b y  th e  
know ledge e n g in e e r to  se lec t an a p p ro p ria te  in te rp re ta t io n  model from  th e  
l ib ra r y .  Once an in te rp re ta t io n  model has been se lected i t  may be used 
d ire c t ly  o r  in  a re fin e d  ( "d if fe re n t ia te d " )  form  to a c t as a ho s t fo r  th e  
a cqu ired  domain know ledge.
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In  sum m ary, once an in te rp re ta t io n  model has been c o r re c t ly  se lected  i t  is  
used as a top -dow n  recep tac le  and the  know ledge  e n g in e e r w ill seek the  
re le v a n t domain know ledge to  popu la te  i t .  O b v io u s ly  th is  method o f w o rk in g  
has g re a t p o ten tia l advan tages fo r  the  know ledge  e n g ine e r who can 
sys te m a tica lly  acqu ire  th e  domain know ledge fo r  th e  selected model ra th e r  
than  a tte m p t to  make sense o f and o rg a n ise  a mass o f random ly acq u ire d  
domain expe rtise .
The Model o f E xpertise  and th e  Model o f C ooperation are  com bined to  form  
a Conceptual Model o f  e xp e rtise  and coope ra tion  expressed in  a 
im p le m en ta tion -in depen den t language.
The Design Model takes th e  leap o f e xp re ss in g  th e  spec ified  b e h a v io u r in  
te rm s o f the  ta rg e t com puta tiona l fram ew ork . The sepa ra tion  o f the  
Conceptual Model from  th e  re a lit ie s  and c o n s tra in ts  o f  the  im p lem entation 
allows th e  know ledge e n g in e e r cons ide rab le  freedom  in  exp ress ing  the  fu l l  
range  o f beh a v io u r re q u ire d  from  the  ta rg e t  know ledge-based  system . 
However, in  m oving from  the  Conceptual Model to  th e  Design Model the  
know ledge eng ine e r has to  face up to  th e  p ra c t ic a lit ie s  o f m aking an 
im p lem entation. F o rtu n a te ly , KADS p ro v id e s  s u p p o r t  fo r  th is  p rocess, in  the  
fo rm  o f no ta tions  etc, in  a way w h ich  p re s e rv e s  th e  s t ru c tu re  o f the  
Conceptual Model th ro u g h  to  the  Design Model. Once the  Design Model is  
com pleted i t  is  a com pa ra tive ly  s tra ig h t fo rw a rd  p rocess to proceed to  the  
f in a l know ledge-based system  im plem entation.
KBS does no t eas ily  match the  expec ta tions  o f th e  users o f conve n tiona l 
system s methods. Saward, Land & Bingham (1993) re p o r t  th a t is  d i f f ic u l t  to 
te s t system s fe a s ib il ity  w ith o u t know ing  th e  n a tu re  o f the  know ledge in  
advance, d e fin it io n  o f system s re q u ire m e n ts  is  d i f f ic u l t  and know ledge
17
B a c k g r o u n d  t o  t h e  R e s e a r c h
a cq u is itio n  may d isco ve r know ledge o r  in fo rm a tio n  w h ich , when analyzed, 
leads to  a m id -p ro je c t re v is io n  o f th e  system  des ign . The CommonKADS l i fe ­
cyc le  model (de Hoog, M a rtil, W ielinga, Tay lo r, B r ig h t  & van de Velde, 1992) 
is  c u r re n t ly  le ad ing  to  a range  o f p ro d u c ts  th a t  a re  in te n d e d  to  address 
such problem s.
M ethodologies such as KADS are  u s e fu lly  s u p p o rte d  b y  com pu te r-b ased  too ls. 
These are  the  e q u iv a le n t to  the  CASE (Com puter A ided S o ftw a re  E n g in e e rin g ) 
too ls  used to  s u p p o r t conven tiona l system s ana lys is  and des ign  methods. 
In  th e  case o f KADS, th e  Shelley w o rkbench  s u p p o rts  th e  e n t ire  m odelling 
p rocess in c lu d in g  the  se lection and in s ta n tia tio n  o f an in te rp re ta t io n  model 
to  fo rm  a Design Model. Shelley and o th e r s u p p o r t  too ls  fo r  know ledge 
e n g in e e rin g  are  b r ie f ly  d iscussed in  the  fo llo w in g  section .
2.6 COMPUTER-BASED TOOLS FOR KNOWLEDGE ENGINEERS
The use o f com pute r-based  too ls is  no t d iscussed in  th is  th e s is . However, 
some o f the  im p lem entations re s u lt in g  from  the  in v e s tig a t io n s  described  in  
C hap te r 3 were made w ith  the  aid o f com pute r-based  too ls . Such too ls a re  
b r ie f ly  d iscussed here as a rev iew  o f an im p o rta n t to p ic  c lo se ly  re la ted  to  
th is  research .
P roba b ly  the  commonest methods and too ls a re  those associa ted  w ith  the  
m a jo r commercial e x p e rt system s she lls . In  the  main such m ethods and too ls 
a re  e q u iv a le n t to  " lo w e r CASE" too ls  and s u p p o rt th e  im p lem enta tion  and 
m aintenance o f know ledge bases. Examples a re  p ro v id e d  b y  KEE, ART, 
Know ledgeC raft, KAPPA, Nexpert and O bjectlQ .
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Tools such as KEATS (M otta, Raj an & E isenstad t, 1988) and S he lley  (Bouchet, 
1989), the  KADS w orkbench , a ttem p t to  c o v e r th e  w id e r know ledge 
e n g in e e rin g  process b y  o ffe r in g  know ledge a c q u is it io n  too ls  and methods o f 
u n d e rs ta n d in g  and m an ipu la ting  va rio u s  models o f know ledge.
KEATS has a p a r t ic u la r  mandate to  s u p p o r t  th e  know ledge eng inee r 
u n d e rta k in g  the  im plem entation o f la rg e r  e x p e rt system s. As such  i t  o ffe rs  
p a r t ic u la r  fo rm s o f w ha t we c la ss ify  as "p ro b le m  s o lv in g  p ro p s "  in  C hapter 
4 to  s t ru c tu re  the  know ledge e ng ine e r's  w o rk . By o f fe r in g  too ls  w h ich  allow 
w o rk  on th e  o rgan isa tion  o f selected sub -dom a ins  o f  know ledge i t  he lps the  
e x p e rt know ledge eng ine e r to  cope w ith  th e  com p lex ities  o f th e  domain 
know ledge.
The too ls  so fa r  d iscussed are e sse n tia lly  pass ive  and n e u tra l in  th e ir  
s u p p o rt.  In  o th e r w o rds  th e y  p ro v id e  a s u p p o r t iv e  and h y g ie n ic  medium 
fo r  th e  know ledge eng ine e r to  un d e rta ke  h is  ta s k . O the r too ls ta ke  a more 
p ro a c tiv e  o r  biased approach and a tte m p t to  o f fe r  "d o m a in -s p e c if ic "  o r  
" p r in c ip le d "  gu idance to  the  know ledge e ng ine e r.
Thus in  th e  f i r s t  "d o m a in -sp e c ific " ca tego ry , to o ls  such as ROGET (Bennet, 
1983), MOLE (Eshelman, Ehre t, McDermott & Tan, 1988) and OPAL (Musen, 
Fagan, Combs and S h o rt lif fe , 1988) have s t ru c tu re s  and expec ta tions  in  
re sp e c t o f know ledge concerned w ith  a p a r t ic u la r  dom ain, such as d iagnosis, 
o r  s ty le  o f problem  s o lv in g .
S im ila rly , in  th e  "p r in c ip le d "  ca tego ry  th e re  is  TEIRESIAS (D avis, 1979), 
w h ich  has a m ode l-d riven  expecta tion o f the  ru le s  re q u ire d  fo r  an e ffe c tiv e  
im p lem enta tion .
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F u r th e r  " in te l l ig e n t"  too ls, o f fe r in g  co -o p e ra tive  s u p p o rt, a tte m p t to  
p a r t ia l ly  take  o v e r the  w o rk  o f th e  know ledge eng inee r. For example, 
a lth o u g h  v e ry  lim ite d , PROTOS (B are iss  & Weir, 1988) has s u f f ic ie n t  
know ledge to  a tte m p t a p r in c ip le d  c o n s tru c tio n  o f the  know ledge re q u ire d  
to  s u p p o rt a novel case. I f  the  system  fa ils , o r  p a r t ia l ly  fa ils , th e  use r o r  
know ledge e n g in e e r m ust p ro v id e  PROTOS w ith  the  m issing know ledge.
2.7 COMMERCIAL UPTAKE OF EXPERT AND KNOWLEDGE-BASED SYSTEMS
From the  above i t  w ould seem th a t e v e ry th in g  is  in  place fo r  th e  w idespread 
adop tion  o f e x p e rt and know ledge-based  system s by commerce and in d u s try .  
The more p r in c ip le d  too ls, such as those  described  im m edia te ly above, have 
long  been supp lem ented b y  a w e lte r o f commercial e x p e rt system s so ftw a re  
ra n g in g  from  sim ple PC ru le -c h a in in g  she lls  to  so ph is tica ted  "A I"  to o lk its . 
A d d itio n a lly  th e re  has been m a jo r prom otion  and fu n d in g  o f know ledge-based 
in it ia t iv e s  from  UK gove rnm en t depa rtm en ts  in c lu d in g  th e  ded ica ted  A lvey 
D irec to ra te . F u r th e r  money has been ava ilab le  from  th e  EC w h ich  has 
sponsored a se ries  o f in te rn a tio n a l co llab o ra tions  between academic and 
in d u s tr ia l p a r tn e rs  as p a r t  o f the  ESPRIT programme.
Yet the  commercial up take  o f e x p e rt and know ledge-based system s is  v e ry  
d isa p p o in tin g . Many g low ing  re p o r ts  o r ig in a te d  from  th e  A lve y  "m a jo r 
de m on s tra to rs ", th e re  was a p ro life ra tio n  o f specia l in te re s t  c lu b s  and th e re  
are  o ften  repea ted s to rie s  o f com m ercia lly  successfu l e x p e rt system s in  
companies such as Am erican Express e tc. Many e x p e rt system s have indeed 
been com m ercia lly dep loyed, a small p ro p o rt io n  o f w h ich a re  a re s u lt  o f the  
a u th o r ’s own commercial w o rk . Y e t the  o ve ra ll leve l o f e x p e rt system s 
adoption is  dism al.
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Because o f h is  commercial w o rk  the  a u th o r  is  s t i l l  fo r tu n a te  enough to  be 
ab le  to  pen e tra te  the  in fo rm a tio n  te c h n o lo g y  d ep a rtm en ts  o f many top  
co rp o ra te s  in  the  fin a n c ia l and m a n u fa c tu rin g  se c to rs . In  some cases th e re  
rem ain small g roups  o f ta len ted  e x p e rt system s w o rk e rs  who have lim ite d  
success a t p rom oting  th e  te chno logy  in  th e  m ainstream  business 
departm en ts . In  o th e rs  companies such w o rk e rs  no lo n g e r re fe r  to  
them selves as "know ledge  e n g in e e rs " and a re  chas ing  new goals in  o b je c t-  
o r ie n te d  techno logy  and s im ila r areas.
And i t  is  the  same fo r  th e  vendo rs  o f A l/e x p e r t  system s to o lk its . There  
have been many b a n k ru p tc ie s  and most o f th e  v e n d o rs  who remain have 
re pos itioned  them selves away from  e x p e rt system s and claim more genera l 
u t i l i t y  fo r  th e ir  renamed p ro d u c ts  as advanced  to o lk its  fo r  genera l so ftw a re  
deve lopm ent.
So w hy is  th is ?  The research  and deve lopm en t has been w e ll-fo u n d e d  and 
th e  re s u lts  have been v e ry  adequate ly  p rom oted  and finan ced  in  commercial 
s itu a tio n s . The business po ten tia l o f a p p ly in g  know ledge in  e x p e rt and 
know ledge-based  system s is  well und e rs too d  and th e re  has been s u rp r is in g  
goodw ill and finance  from  in d u s try  in  u n p re ce d e n te d  in d u s tria l-a c a d e m ic  
p a r tn e rs h ip s .
The a u th o r has been an a c tive  p a r t ic ip a n t  in  th e  e x p e rt system s com m unity 
and rem ains co n fid e n t th a t  the  te c h n o lo g y  can o f fe r  real advantages to  
bus iness. In  the  chap te rs  th a t fo llow  he docum ents h is  experience, p a r t ly  
research , p a r t ly  commercial, in  o rd e r  to  h ig h l ig h t  some o f the  fa c to rs  th a t 
can c o n v e rt th e  prom ise o f e x p e rt system s to  p ro sp e c ts  o f w idescale 
adop tion .
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CHAPTER 3 -  INVESTIGATIONS OF OCCUPATIONAL PROBLEM SOLVING
3.1 INTRODUCTION
T h is  c h a p te r re p o r ts  on fou rtee n  problem  s o lv in g  ta s k s  from  a w ide  range 
o f occupa tiona l env ironm ents . The a u th o r was th e  p r im a ry  in s t ig a to r  o f the  
in v e s tig a t io n  o f a ll th e  re p o rte d  tasks  a lth o u g h , as exp la ined  below , no t all 
p ro g re sse d  to  fu l l  e x p e rt system s and, fo r  those  th a t  d id , th e  a u th o r 
u s u a lly  managed the  im plem entation ra th e r  th a n  u n d e r ta k in g  i t  h im se lf.
O p p o rtu n is t ic  N ature o f Task In v e s tig a tio n s
The app lied  problem  so lv ing  tasks  co n s id e re d  here  arose on a 
s e m i-o p p o rtu n is tic  basis as a re s u lt  o f th e  a u th o r 's  ca re e r experience. 
C ons iderab le  care has been taken to  exc lude  those  m atte rs  w h ich  are  in  
com mercial con fidence  o r  w h ich were w h o lly  o r  p a r t ly  th e  w o rk  o f o the rs .
Many o f the  tasks  a c tu a lly  re su lted  in  e x p e rt system s im p lem en ta tions and 
such commercial outcomes are repo rte d . However, some in v e s tig a t io n s  could 
no t o r  d id  no t p ro g re ss  to  im plem entation b u t, n eve rthe less , led  to  usefu l 
in s ig h ts  in to  the  n a tu re  o f the  problem  s o lv in g  in v o lv e d  o r  to  the  
p o s s ib ilit ie s  o f im plem entation. Im p lem enta tion  outcomes, in c lu d in g  the 
reasons fo r  fa ilu re  to  im plem ent, w ill be used as the  bas is  fo r  the  
d iscuss io ns  on e x p e rt system s im plem entation fe a s ib il i ty  in  C h a p te r 6.
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Two Special Personal P ro jec ts
The f i r s t  tasks  to  be in v e s tig a te d  (Telecom Repair S e rv ice  and Benchtop 
E lec tron ics  D iagnosis) were th e  re s u lt  o f se lection  by  th e  a u th o r from  tasks  
ava ila b le  fo r  s tu d y  as a re s u lt  o f h is  then  em ploym ent w ith  B r it is h  Telecom 
and are  g iven  extended tre a tm e n t in  th e  fo llo w in g  sections. In  bo th  cases 
a PC-based e x p e rt system  she ll a rose o u t o f th e  w o rk  in  a d d itio n  to  the  
p a r t ic u la r  e x p e rt system s. In  the  case o f Telecom R epair S e rv ice  th is  was 
th e  "D IS " she ll fo r  w h ich the  a u th o r was w h o lly  respons ib le . For Benchtop 
E le c tro n ic  D iagnosis i t  was th e  "TRACKER" she ll fo r  w h ich  the  a u th o r  was 
jo in t  d e s ig n e r b u t ne t im p lem entor o f th e  commercial ve rs io n . These she lls  
w ere deve loped a t a tim e when commercial e x p e rt system s she lls  w ere s t i l l  
u n d e r deve lopm ent and th e re  is  l i t t le  to  re p o r t  abo u t them  th a t is  now no t 
ava ila b le  in  commercial p ro d u c ts .
E x p lo ra to ry  and M anagerial Role fo r  O the r Tasks
A p a rt from  Telecom Repair S e rv ice  and Benchtop E le c tro n ic  D iagnosis, in  
most o f the  o th e r cases the  a u th o r was the  manager o f a commercial e x p e rt 
system s g roup  and h is in vo lve m e n t was u sua lly  tw o fo ld . F irs t, th e re  was 
a re s p o n s ib ility  to  in s tig a te  and then  manage the  in v e s tig a tio n  o f the  ta sks  
and to  c a r ry  th is  fo rw a rd  to  an e x p e rt system  im plem enta tion  in  those  cases 
w here  th is  could be ach ieved o r  sponsored. In  most o f these cases the  
a u th o r  had on ly  a p a r t ia l personal ro le  in  the  de ta iled  la te r  stages o f the  
in v e s tig a tio n  and im plem entation. Such de ta ils  are  no t re p o rte d  fo r  th is  and 
commercial c o n fid e n tia lity  reasons.
The second p a r t  o f h is  in vo lve m e n t in  these la te r  ta sks  is  fa r  more re le v a n t 
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to  th is  research . In  fa c t i t  has g ive n  him an in v e s t ig a t iv e  o p p o r tu n ity  
w h ich  m igh t no t have been ava ilab le  i f  he had been in v o lv e d  fu l ly  in  the  
la te r  d e ta iled  extended w o rk  o f any o f th e  in d iv id u a l im p lem enta tions.
In  a ll th e  re p o rte d  tasks  the  a u th o r has been re s p o n s ib le  fo r  the  in it ia l 
know ledge a cq u is itio n  and know ledge an a lys is  fo r  th e  ta sks . In  many cases 
th is  was associated w ith  h is  p ro fess iona l re s p o n s ib ility  fo r  assessing th e  
fe a s ib il ity  o f a commercial expe rt system  im p lem en ta tion  and "scop ing  and 
e s tim a tin g " fo r  the  cost o f the  w o rk .
Tasks In v e s tig a te d
The fo llo w in g  were the  tasks  in v e s tig a te d  and re p o r te d  in  th is  thes is . 
A lth o u g h  th e y  are in  th e  main g e n e ric  t i t le s  o f ta s k s  fo u n d  in  many 
o rg a n isa tio n s , the  t it le s  below w ill be used th ro u g h o u t th is  th es is  so le ly  to  
d e s c r ib e  th e  sp e c ific  ta sks  in ve s tig a te d .
COMMERCIAL BUSINESS UNDERWRITING ( In s u ra n c e  Company)
FOREIGN EXCHANGE EXPOSURE (Aero Engine M a n u fa c tu re r)
BENCHTOP ELECTRONIC DIAGNOSIS (B r it is h  Telecom)
AUDIT WORK PLANNING (Coopers & L y b ra n d )
BUSINESS PERFORMANCE ASSESSMENT (G overnm ent Health D epartm ent) 
MULTINATIONAL TAX PLANNING (Chemical M a n u fa c tu re r)
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ENGINEERING PREVENTATIVE MAINTENANCE (C ig a re tte  M a n u fa c tu re r)
PERMANENT HEALTH INSURANCE (In su ra n ce  Company)
LIFE UNDERWRITING (In s u ra n c e  Company)
SMALL BUSINESS GUIDANCE (G overnm ent T ra in in g  A gency)
PENSIONS MANAGEMENT (P u b lic  U t i l i ty  Pension Scheme)
JOB SHOP SCHEDULING (E le c tro n ic  Consumer P ro d u c ts  M a n u fa c tu re r)
TELECOM REPAIR SERVICE (B r it is h  Telecom)
EUROBOND WARRANT TRADING ( In te rn a tio n a l Bank)
N o n -T riv ia l O ccupational Tasks and Problems
A ll o f the  fo u rte e n  tasks and problem s considered  in  th is  ch a p te r are  
n o n - t r iv ia l examples o f c u r re n t  occupationa l problem  s o lv in g . In  each case 
e ith e r  a ta sk  is  described  w hich re p re se n ts  the  p r im a ry  a c t iv i ty  fo r  which 
th e  ta s k -h o ld e r  is  employed o r a problem  is  h ig h lig h te d  w h ich  has m ajor 
bus iness and f in a n c ia l im p lica tions  fo r  the  company conce rned . In  the  la t te r  
case, the  prob lem s are those fo r  w h ich the  com pany has o n ly  a p a rtia l 
so lu tio n  and fo r  w h ich , i f  i t  were te c h n ic a lly  and econom ica lly  feasib le , i t  
w ou ld  have been advantageous to  g ive  e xp e rt system s s u p p o r t.
A lth o u g h  some o f them would f in d  the  term  a l i t t le  s tra n g e , all the  
26
I n v e s t ig a t io n s  o f  O c c u w t io n a l  P r o b œ m  S o l v in g  
in d iv id u a ls  concerned w ith  the  tasks can be cons ide red  as "e x p e r ts "  and 
th is  is  the  te rm  we w ill use fo r  them. In  o th e r  w o rds, th e y  are  a ll 
cu s to d ia n s  o f know ledge and experience, e ith e r  le a rn e d  o r  s e lf- ta u g h t,  w h ich 
th e y  a p p ly  to  so lve prob lem s in  a way fa r  e x ce llin g  n o n -e x p e rts .
Commercial C o n fid e n tia l t v  and Professional S k ills  Issues
Commercial know ledge is  th e  s u b je c t o f th is  resea rch  and i t  is  a lso a m ajor 
asset (p e rh a p s  th e  p r im a ry  asset) o f the  o rg a n is a tio n s  w here  i t  is  exerc ised . 
A c c o rd in g ly  th e  a u th o r has had to  use co n s id e ra b le  care  to  fo c u s  o n ly  on 
m a tte rs  w h ich  a re  re p o rta b le  in  a p u b lic  docum ent such as th is  thes is .
Special c o n d itio n s  a pp lied  fo r  Telecom R epa ir S e rv ice  and Benchtop 
E le c tro n ic  D iagnosis. As a re s u lt  the  know ledge associa ted w ith  these  tasks  
is  re p o rte d  (o r, more p ro p e r ly , sampled) in  d e ta il.
In  o th e r  cases de ta iled  commercial know ledge is  no t re p o rte d  excep t in  a 
ra th e r  fra g m e n ta ry  way. Ins tead , and in  lin e  w ith  th e  p r im a ry  fo cu s  o f th is  
resea rch , o n ly  th e  s tra te g ic  and generic  c o n te n t o f  the  ta s k  know ledge is  
re p o rte d  here. Such s tra te g ic  and g en e ric  know ledge is  in  th e  p u b lic  
domain in s o fa r  as these ta sks  are concerned.
The d iv is io n  between th e  de ta iled  com m ercia lly  c o n fid e n tia l know ledge  and 
th e  persona l p ro fe ss io n a l s k il ls  o f the  e xp e rts  is  v e ry  re le v a n t to  th e  above 
issues o f commercial c o n fid e n tia lity .  As m entioned above, we have now 
in v e s tig a te d  some " re p lic a s "  o f the  tasks  re p o r te d  in  th is  resea rch . We 
have also d iscussed  th e  na tu re  o f some o f th e  re p o rte d  p rob lem  so lv in g  
ta sks  w ith  e x p e rts  in  o rgan isa tion s  sepa ra ted  from  th e  so u rce  o f the
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re p o rte d  expe rtise . In  a ll cases i t  seems th a t th e  s ty le  o f th e  ta s k  problem  
so lv in g  w h ich  we have d iscovered  is  v e ry  la rg e ly  s im ila r  in  the  d if fe re n t ,  
and o fte n  com petito r, o rgan isa tions .
In  fa c t  i t  seems th a t, almost w ith o u t exception, th e  ta sks  we have 
in v e s tig a te d  are  b e tte r  c la ss ified  as ""p ro fe s s io n a l s k i l ls "  ("o w n e d " b y  the  
e x p e rts ) than  "p ro p r ie ta ry  p ra c tic e s " ("ow ne d " b y  th e ir  em p loy ing  
o rg a n is a tio n s ). In  o th e r w ords th e y  are  the  s o r t  o f s k il ls  th a t  th e  re le v a n t 
e x p e rts  w ould u s e fu lly  c a r ry  w ith  them from  em ployer to  em p loyer. In  fa c t 
i t  is  such s k il ls  and ta s k -g e n e r ic  know ledge th a t  make e x p e rts  em ployable 
in  a m arke t economy jo b  m arket. The fa c t th a t th e ir  "kn o w le d g e  CVs" have 
been accum ulated as a re s u lt  o f sp e c ific  c o n fid e n tia l expe riences  w ith  a 
p a r t ic u la r  com pany does no t p ro h ib it  th e ir  us ing  th e  g e n e ric  p ro d u c t o f 
such expe rience  w ith  th e ir  next and fu tu re  em ployers.
For in s tance , o u r  re p o r t on L ife  U n d e rw r it in g  em bodies th e  s o r t  o f 
know ledge th a t w ould be expected fo r  an a p p lic a n t fo r  a p ro fess io na l l i fe  
u n d e rw r it in g  pos t ra th e r  than  the  task  sp e c ific  know ledge  o f " In s u ra n c e  
Company X". S im ila rly  the  re p o rte d  m ateria l on Pensions Management is  th a t 
w h ich  w ould  be recogn isab le  fo r  any com petent a p p lic a n t fo r  a pos t o f 
"P ensions M anager". A lthough  d e riv e d  from  a s p e c ific  ta s k  in  a p a r t ic u la r  
commercial o rg an isa tion  o u r  re p o r t is  no t s p e c ific  to  "Com pany Pensions 
Scheme X".
Thus, i t  seems th a t the  s ty le  (ie  p r im a r ily  generic  and s tra te g ic  know ledge) 
o f many occupa tiona l tasks  is  common (and th e re fo re  in  th e  "p u b lic  dom ain") 
across those o rg a n isa tio n s  w here the  task  is  p ra c tise d . W hat is  com m ercia lly 
c o n fid e n tia l is  th e  sp e c ific  de ta iled  know ledge and, in  p a r t ic u la r ,  th e  va lues 
in s ta n tia te d  in  th e  know ledge.
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Examples o f "P u b lic "  and "Comm ercial" Know ledge
The fo llo w in g  examples shou ld  h ig h lig h t th e  tw o aspects  d iscussed  above. 
F irs t ,  th e y  shou ld  i l lu s tra te  the  p r in c ip le s  bo th  on w h ich  we have  decided 
th a t w h ich is  re p o rta b le  in  th is  thes is . Second, and more im p o rta n t, th e y  
shou ld  i l lu s t r a te  w hat w ould separate th a t know ledge e ith e r  " b u i l t  in "  to  an 
a p p lica tio n  she ll o r  rem a in ing  to be im plem ented fo r  a s p e c if ic  com mercial 
e x p e rt system  im plem entation.
As a f i r s t  example, in  o u r  account o f Commercial Business U n d e rw r it in g  we 
re p o r t  th a t " th e  u n d e rw r ite r 's  basis o f q u o ta tio n  con ta ined  ca te g o risa tio n  
o f company ty p e  (eg s p o r t in g  even t c a te re rs )  and ra te s  from  r is k  ta b le s ". 
T h is  w ould  be no s u rp r is e  to  any com pe tito r com pany. S im ila r ly  th e y  and 
any o th e r  commercial bus iness in s u re r  w ou ld  re q u ire  any human e x p e rt o r  
e x p e rt system  to  take  accoun t o f such ca te g o risa tio n s . I t  is  even th e  ty p e  
o f know ledge th a t m ig h t be re q u ire d  to  pass u n d e rw r it in g  exam inations. 
However, w h a t w ould be co n fid e n tia l is  th e  re v e la tio n  th a t  In s u ra n c e  
Company "X " 's  commercial business Employee L ia b i l ity  ra te s  fo r  s p o r t in g  
e v e n t c a te re rs  were ca lcu la ted  a t 23% above norm al ra te s  fo r  London and 
th e  S o u th -E a s t and a t 18% above normal e lsew here .
As a second s h o r t  example we re p o r t in  o u r  accoun t o f Pensions Management 
th a t  "a  c h ild  may be a dependent s tu d e n t"  b u t  do no t g iv e  th e  sp e c ific  
in fo rm a tio n  on w h ich fu ll- t im e  o r p a r t- t im e  courses q u a lify  fo r  s tu d e n ts h ip  
(eg in  excess o f tw e n ty  hou rs  pe r week le a d in g  to  a recogn ised  academic 
q u a lif ic a tio n  above A -L e ve l s tanda rd ). T h is  is  com mercial ta s k -s p e c if ic  
in fo rm a tio n  b u t  the  p r in c ip le , th a t a dep ende n t s tu d e n t may be deemed a 
" c h i ld " ,  is  p u b lic  domain generic  know ledge.
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Form at of T ask R eports
The re p o r ts  on Telecom Repair S e rv ice  and Benchtop E le c tro n ic  D iagnosis a re  
re p o rte d  in  some cons ide rab le  de ta il. However, fo r  the  m a jo r ity  o f tasks, 
w here  a system  was im plem ented o r  a w o rth w h ile  in v e s tig a tio n  was made, a 
s ta n d a rd  re p o r t  fo rm a t is  used fo r  purposes o f com parison between tasks. 
In  th e  rem a in ing  few  tasks , w here o n ly  a s u p e rfic ia l in v e s tig a t io n  was made, 
then  th e  s ta n d a rd  fo rm a t is  used in  an abb re v ia te d  way. The to p ics  
covered  in  th e  s ta n d a rd  fo rm a t are:
In tro d u c tio n  -  genera l in tro d u c tio n  to  the  in v e s tig a t io n  and the  
b a ckg ro u n d  to  th e  ta s k  and it s  purpose  in  the  o rg a n is a tio n .
S ponsoring  O rgan isa tion  -  a d e s c r ip tio n  b u t, g e n e ra lly , no t 
id e n tif ic a t io n  o f th e  o rg an isa tion  w here the  e x p e rtise  is  used.
A u th o r 's  Role -  to  c la r i fy  th e  n a tu re  o f th e  a u th o r 's  pe rsona l ro le  in  
the  resea rch  and to  in d ic a te  any fu r th e r  com mercial w o rk , no t 
re p o rte d  here, b y  th e  a u th o r and h is colleagues.
O utline  Task D e scrip tion  -  a d e sc rip tio n  o f the  in p u ts  and o u tp u ts  to  
the  ta sk  and the  norm al h an d ling  o f the  task  by  th e  e x p e rt.
Form o f In v e s tig a t io n  -  the  ex te n t o f the  research  in v e s tig a t io n  and 
the  m anner in  w h ich  i t  was unde rtaken .
F ind in gs  on N a tu re  o f Problem So lv ing
General -  a s h o r t  o ve ra ll d e s c rip tio n  o f th e  way in  w h ich  the
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e x p e r t h an d les  th e  ta sk  problem  so lv ing .
Problem S tru c tu r in g  Props (Tools and A ids) -  re la t in g  to  th e  
d iscuss ion  on Problem S o lv in g  P rops a t th e  end o f C hap te r 4.
Generic Data -  those sources o f da ta  w h ich  the  e x p e rt uses and 
w h ich  a re  no t sp e c ific  to  any  p a r t ic u la r  ta sk  item  u n d e r 
co n s ide ra tion .
S pec ific  Data -  the  sp e c ific  data, o fte n  p a r t ia l ly  co m p ris in g  the  
problem  d e s c r ip tio n , used in  th e  so lu tio n  o f a p a r t ic u la r  ta sk  
item.
Knowledge Sources -  th is  te rm  is  used in  a specia l way as 
exp la ined below  in  the  section  on "E x p e rt  system s exp lana tion  
o f problem  s o lv in g " .
O pen/C losed Problem -  in d ic a tin g  w h e th e r o r  n o t th e re , is  a 
f in i te  se t o f problem  d e s c r ip tio n s  a n d /o r  so lu tio n s  even i f  th is  
se t is  v e ry  la rg e .
P ro a c tive /R eac tive  Problem -  to  in d ic a te  i f  the  prob lem  so lv in g  
is  in it ia te d  by  the  p re se n ta tio n  o f s p e c ific  p rob lem s to  th e  
e x p e rt o r, fa r  less u su a lly , b y  some o v e r r id in g  ongo ing  
business goal.
Problem S o lv ing  A rc h ite c tu re  -  a h ig h - le v e l d e s c r ip tio n  o f th e  problem  
so lv in g  a rc h ite c tu re  in c lu d in g  id e n t if ic a t io n  o f key p rob lem  s o lv in g
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com ponents.
D iagram m atic R epresenta tion  o f Problem S o lv ing  Components -  th e  
a u th o r 's  own d iagram m atic  "s h o r th a n d " , deve loped p ro g re s s iv e ly  as an 
in c re a s in g  num ber o f tasks  w ere  in ve s tig a te d . The d iagram s, o fte n  
p roduced  e a r ly  in  th e  task  in v e s tig a tio n , enabled him to  make ready  
c h a ra c te r is a tio n  and com parison o f the  problem  s o lv in g  a rc h ite c tu re s  
o f the  v a r io u s  tasks . The re c u r re n t  m ajor com ponents o f th e  prob lem  
s o lv in g  a rc h ite c tu re s  were recogn ised by  th e  a u th o r  as more ta sks  
were in v e s tig a te d  and are  d iscussed and sum m arised in  C h a p te r 5.
Commercial Im plem entation Details -  to  in d ic a te  w ha t was th e  
commercial re s u lt,  i f  any, in  the  fo rm  o f an e x p e rt system s 
im p lem entation.
A d d itio n a l Comments -  to  summarise p a r t ic u la r  p o in ts  o f in te re s t .
Use o f Term inologV and "E x p e rt svs tem s" E xp lanations o f Human Problem 
S o lv ing
As d iscussed in  th e  B ackground  to  th e  Research section , one o f th e  o r ig in s  
o f A I was to  use com pute r s im u la tions to  d is c ip lin e  and te s t th e o rie s  o f 
c o g n it iv e  s t ru c tu re s  and fu n c tio n s . One o f the outcomes o f A I is  th a t  i t  has 
g iven  us a vo c a b u la ry  fo r  th e  com putational w o rk  th a t is  sometimes pe rhaps  
r ic h e r  (o r more fa m ilia r)  than th e  vocabu la ry  fo r  th e  d e s c r ip tio n  o f th e  
human problem  so lve r.
In  th e  task  d e s c r ip tio n s  th a t fo llow  we have ra th e r  d e lib e ra te ly  used A I and 
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e x p e rt system s term s fo r  d e s c r ip tio n s  and exp lana tions  o f human prob lem  
s o lv in g . Thus we re fe r  to  "s e a rc h ", "know le dge  so u rce s " and " fo rw a rd  
reason ing " e tc  in  con tex ts  e n t ire ly  d iv o rc e d  from  issues o f im p lem enta tion .
For ins tance , we use th e  w o rd  "s e a rc h " in  a fa ir ly  loose and genera l way. 
N everthe less o u r  usage is  reasonab ly  s tra ig h t fo rw a rd  in  meaning. In  th is  
ch a p te r, we make p a r t ic u la r  usage o f th e  te rm  "K now ledge S ources" as one 
o f the  s ta n d a rd  to p ic  head ings fo r  each ta s k  d e s c r ip tio n . In  th is  case th e  
usage is  a l i t t le  d if fe re n t  from  its  usage in  re la tio n  to  b la ckb o a rd  system s, 
s t ru c tu re  o f know ledge as in , fo r  in s tan ce , C lancey (1983), e tc. I t  also 
d if fe rs  from  the  specia l meaning used in  the  KADS m ethodology and 
describ ed  in  C hapte r 2.
In  o u r usage a Knowledge Source is  a reasonab ly  se lf-c o n ta in e d  p a r t  o f th e  
e x p e rt 's  know ledge w h ich , a t leas t fo r  p a r t  o f the  prob lem  s o lv in g , can a c t 
in d e p e n d e n tly  on the  c u r re n t  s ta te  o f th e  problem . Thus in  Small Business 
Guidance i t  is  c le a r th a t th e  e x p e rt a d v is o r to  the  ow ner-m anage r can, a t 
separa te  tim es, adv ise  h is  c lie n t from  th e  s ta n d p o in t o f an "a c c o u n ta n t" , 
"pe rson ne l c o n s u lta n t" , " d is t r ib u t io n  e x p e rt"  etc. These separa te  f ie ld s  o f 
exp e rtise  are  more d is t in c t  than  ju s t  "m odu les" and fo r  th is  reason we labe l 
them separa te  Knowledge Sources.
O rd e rin g  and C onten t o f Task R eport Sections o f th is  C hapte r
There  are  seve ra l poss ib le  o rd e rs  in  w h ich  th e  fo u rte e n  ta s k  re p o r ts  cou ld  
be p resen ted . C hrono log ica l o rd e r  o f th e  in v e s tig a tio n s  is  one p o s s ib ility  
as is  an o rd e r in g  g ro u p in g  th e  ta sks  in to  e n g in e e rin g , f in a n c ia l, commercial 
etc.
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In  the  e ve n t th e  a u th o r has decided to  o rd e r the  ta sks  app ro x im a te ly  in  
in c re a s in g  com p lex ity  o f p rob lem  so lv in g  a rc h ite c tu re . The p ro g re s s  o f th is  
research  has led  th e  a u th o r to  recogn ise  common a rc h ite c tu ra l com ponents 
in  th e  problem  s o lv in g  ta sks  in v e s tig a te d . These com ponents a re  in tro d u c e d  
p ro g re s s iv e ly  u n d e r the  "P rob lem  S o lv in g  A rc h ite c tu re "  section  o f each ta s k  
re p o r t  and are  fu l ly  rev iew ed and summarised in  C hap te r 5.
There  are  cons ide rab le  d iffe re n c e s  in  the  leve l o f de ta il o f th e  v a r io u s  
re p o rts . For in s tan ce , th e  re p o r ts  on Telecom Repair S e rv ice  and Benchtop 
E lec tron ic  D iagnosis, w h ich  bo th  deal w ith  m ajor e n g in e e rin g  d ia g n o s tics  
tasks  in v e s tig a te d  a t B r it is h  Telecom, are in  fa r  more d e ta il than  th e  
rem a inder o f the  re p o r ts  in  th is  ch a p te r.
The rem a inder o f the  ta sks  were s u f f ic ie n t ly  well in v e s tig a te d  to  enable 
re p o r tin g  on the  n a tu re  o f th e  prob lem  so lv ing  and th e  a p p a re n t problem  
so lv in g  a rc h ite c tu re  used by  th e  human expert. A ll o f these re p o r ts , excep t 
th a t on the  d ia g n o s tic  ta s k  o f E n g in ee ring  P re ve n ta tive  M aintenance, fa ll 
w ith in  the  genera l ca te g o ry  o f fin a n c ia l and commercial prob lem  s o lv in g .
S u p p o rtin g  M ate ria l fo r  the  Tasks In v e s tig a te d  -  Append ices A. B & C
The th re e  append ices to  th is  th e s is  s u p p o rt the  in v e s tig a tio n s  re p o rte d  in  
th is  chap te r. A ppend ix  A is  p u re ly  re le va n t to  know ledge a cq u is itio n  fo r  
Telecom Repair S e rv ice  and is  exp la ined fu l ly  in  Section 3.14. A ppend ix  B 
p ro v id e s  a s h o r t  ta b u la r  com para tive  summary o f th e  c h a ra c te r is t ic s  o f th e  
tasks  in v e s tig a te d  and A ppend ix  C, w h ich also s u p p o rts  th e  conc lus ions  to  
C hapte r 5, sum m arises th e  ta sks  as a m atrix  in  re sp e c t o f th e  problem  
s o lv in g  com ponents recogn ised  as th e  tasks  were p ro g re s s iv e ly  in v e s tig a te d .
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3.2 COMMERCIAL BUSINESS UNDERWRITING
S ponsoring  O rgan isa tion
The in v e s tig a tio n  and subsequen t im p lem enta tion  was sponsored b y  a la rg e  
UK in su ra n ce  company.
In tro d u c tio n
The u n d e rw r it in g  o f commercial bus iness r is k s ,  such as those associated 
w ith  ru n n in g  fa c to rie s  o r  o p e ra tin g  b u ild in g  s ites , is  an ex trem e ly  
co m p e titive  fie ld . U n lik e  persona l a p p lic a n ts  fo r  in su ra nce , companies 
in v a r ia b ly  ask fo r  q u o ta tio n s  from  severa l d i f fe r e n t  in su ra n ce  com panies a t 
th e  tim e o f annual in su ra n ce  renewal.
P rov is ion  o f q uo ta tio ns  is  expensive  and in v o lv e s  s e n io r s ta ff,  p a r t ic u la r ly  
w here  h igh  r is k s  are in v o lv e d . F u r th e r , less  than  h a lf o f th e  q u o ta tio n s  
a re  taken  up and the  w o rk  in v o lv e d  in  p re p a ra tio n  o f the  rem a inde r is  
e n t ire ly  wasted. For th is  reason an e x p e rt  system  im plem entation was 
cons ide red  bo th  to  fa c il ita te  the  w o rk  be in g  u n d e rta k e n  more q u ic k ly  b y  
more ju n io r ,  less expensive , s ta f f  and also to  cope w ith  the  in c re a s in g  
num ber o f reques ts  fo r  quo ta tio n .
A u th o r 's  Role
The a u th o r so le ly  u n d e rto o k  a ll o f the  know ledge  a c q u is itio n , a n a lys is  and 
scop ing  w h ich re su lte d  in  the  core  des ign  fo r  th e  system . However, he
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moved on to  o th e r  w o rk  a fte r  th e  in it ia l design s tage  and was o n ly  
m a rg ina lly  in v o lv e d  in  th e  success fu l im plem entation o f th e  system .
O utline  Task D escrip tion  "
The u n d e rw r it in g  e x p e rt rece ives, u s u a lly  by fax, a h a n d w ritte n  d e s c r ip tio n  
o f a commercial bus iness r is k  from  one o f the in su ra n ce  com pany's reg io na l 
o ffices . Based on h is  u n d e rw r it in g  know ledge and re fe re n ce  to  tab le s  and 
docum entation, he p repa res  a q u o ta tio n  to  send to  the  reg iona l o ff ic e  fo r  
onw ard  subm ission to  th e  a p p lican t.
Form o f In v e s tig a tio n
The o p p o r tu n ity  to  in v e s tig a te  th is  ta s k  came from  the  IT  d e p a rtm e n t o f th e  
in su ra n ce  com pany and a good sou rce  o f b r ie f in g  was ava ila b le  fro m  an IT  
m anger experienced in  s u p p o rtin g  commercial business u n d e rw r it in g .  As a 
re s u lt, when know ledge a c q u is itio n  was in it ia te d  w ith  the  nom inated 
experienced commercial business u n d e rw r ite r ,  most o f th e  s t ru c tu re  o f th e  
task , the  n a tu re  o f th e  s u p p o r tin g  docum entation and th e  domain 
"b u zz w o rd s " were a lre a d y  known.
Th is  was p a r t ic u la r ly  use fu l in  a domain w ith  w h ich  th e  a u th o r had had no 
experience, even as a custom er. In  c o n tra s t the  main elem ents o f l i fe  
in su ra nce , as re p o rte d  la te r  in  th is  chap te r, were und e rs too d  as a 
"consum er" and know ledge a c q u is itio n  could be u n d e rta ke n  d ire c t ly  w ith  the  
u n d e rw r ite r .
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Since th e  ta s k  in v o lv e d  cons ide rab le  usage o f  tab le s  and docum enta tion  (and 
to  some e x te n t th e  e xp e rtise  can be co n s ide red  to  be in  the  a p p lica tio n  o f 
docum ented " ru le s " )  th is  m ateria l, and p a r t ic u la r ly  i t s  s tru c tu re ,  was 
s tu d ie d  in  dep th  as p a r t  o f the  know ledge a c q u is itio n .
F in d in g s  on N ature o f Problem S o lv ing
Commercial business u n d e rw r it in g  is  re g a rd e d  as re q u ir in g  g re a t s k il l and 
e x p e rtis e  and th e re  is  cons ide rab le  conce rn  ab o u t la c k  o f s k ille d  s ta f f  to  
meet the  demand fo r  quo ta tions.
However, pe rhaps  a l i t t le  sad ly, on fu l l  in v e s tig a t io n  i t  was d iscove red  th a t 
th e  ta s k  is  n o t a p a r t ic u la r ly  d i f f ic u l t  o r  com plex one. What seems to  make 
th e  ta sk  esteemed, and th e re fo re  "e x p e r t" ,  is  th a t  th e  fin a n c ia l r is k s  a re  
v e ry  g rea t. S ince the  u n d e rw r ite r  is  d ea ling  w ith  r is k s  o f many h u n d re d s  
o f thousands o f pounds i t  is  au tom a tica lly  assumed th a t  g re a t ju d g e m e n t and 
know ledge a re  re q u ire d . In  fac t, as s ta te d  above, most o f th e  s k il l is  in  
in v o k in g  ru le s  in  the  docum entation and, in  fa c t, v e ry  l i t t le  d is c re t io n a ry  
ju d g e m e n t is  in vo lve d .
Each problem  is  describ ed  by the  b ra n ch  o f f ic e ’s d e s c r ip tio n  o f th e  r is k .  
I t  is  ra re ly  necessary to  seek fu r th e r  d e ta ils  to  make a q u o ta tio n . Where 
th e re  Is any a m b ig u ity  in  the  d e s c r ip tio n  (eg as to  th e  presence o f f ire p ro o f  
w a lls ) th e  quo ta tio n  is  based on the  assum ption  th a t  a good s itu a tio n  app lies  
and th a t th e  quo ta tion  is  s u b je c t to  th e  com pany 's  in sp e c tio n  o f the  
prem ises.
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Problem S tru c tu r in g  Props (Tools and A ids)
T h is  task  was un ique  in  th a t  i t  dem onstra ted  th e  use o f w h a t we te rm  a 
" v ir tu a l p ro p " . The p ro p  was embodied in  th e  s t ru c tu re  o f the  
u n d e rw r ite r 's  fre e -h a n d  basis o f quo ta tio n . T h is  docum ent was no t the  
b r ie f  quo ta tio n  ca lcu la tion  su bm itted  back to  th e  b ra n ch  o ffic e  b u t  conta ined 
th e  "w o rk in g "  s im ila r to  th a t in  a p iece o f school m athem atics.
S ta r t in g  w ith  a b lank  sheet o f paper, the  u n d e rw r ite r  w ou ld  assemble th is  
basis o f quo ta tio n  in  exac tly  th e  same way on e v e ry  occasion. In  e v e ry
re sp e c t th e  p la in  paper was lik e  a " fo rm " w here  th e  "boxe s" were on ly
v is ib le  to  the  u n d e rw r ite r .
The u n d e rw r ite r 's  basis o f q u o ta tio n  conta ined th e  fo llo w in g  main fie ld s :
T) Name o f a p p lica n t company
2) Note o f any special r is k s
3) C a tegorisa tion  o f company ty p e  (eg in - f l ig h t  c a te re rs )  and ra tes  from  
r is k  tab les
4) In d iv id u a l l ia b i l i ty  (p u b lic , em p loyer's , e tc ) c a lcu la tio n s  based on 
fa c to rs  such as tu rn o v e r  o r  num ber o f em ployees
5) Premium ca lcu la tion  based ra te s  and lia b il i t ie s
6) D iscoun t ca lcu la tion  based on size o f f irm
G eneric Data
G eneric da ta  was in  the  fo rm  o f the  a lre a d y  m entioned r is k  tab les 
(co m p ris in g  ra tin g s  fo r  all ca tego ries  o f business and lia b i l i t ie s )  and special
38
I n v e s t ig a t io n s  o f  O ccuri\ t io n a l  P r o b œ m  S o l v in g  
ru le s , f o r  in s tance , fo r  d isco u n tin g  fo r  la rg e  custom ers . The r is k  tab les  can 
be cons ide red  as a fo rm  o f "com piled know ledge" based on th e  s ta tis tic a l 
a n a lys is  o f claims on d if fe re n t  typ e s  o f com m ercial r is k s  o v e r many years. 
Such "kn o w le d g e " cou ld  neve r be e ffe c t iv e ly  accum ula ted  b y  a s in g le  
u n d e rw r ite r  b u t is  th e  legacy o f the  r is k s  in s u re d  b y  many u n d e rw r ite rs  
o v e r a g re a t num ber o f years.
S p e c ific  Data
A p a rt from  th e  in v ita t io n  to  quote, the  e x p e rt a d v ised  th a t  in fo rm a tio n  from  
p re v io u s  y e a r 's  q uo ta tio ns  was ava ilab le . However, a lth o u g h  these  reco rds  
w ere  k e p t a t some cons ide rab le  expense, th e re  was no e v idence  th a t th is  
a p p lic a n t-s p e c if ic  da ta  was e ve r used. A ll q u o ta tio n s  appeared to  be 
c o n s tru c te d  la b o r io u s ly  from  f i r s t  p r in c ip le s  on th e  basis o f  c u r re n t ly  
s u b m itte d  in fo rm a tio n . The use o f re co rd s  fro m  p re v io u s  y e a rs  seemed to  
be ju s t  p a r t  o f the  e x p e rt 's  "m y s tiq u e " to  w h ich  he u n w it t in g ly  c o n tr ib u te d .
Knowledge Sources
A lth o u g h  th e re  are separa te  fie ld s  in  re s p e c t o f l ia b i l i t y  (eg em ployers 
l ia b i l i t y  o r  c o n tra c t w o rk s  lia b i l i ty )  and d is c re te  f ie ld s  u f kn ow ledge on 
ra t in g  and d is c o u n tin g , the  e x p e rt used a ll th e  know ledge in  a 
fu l ly - in te g ra te d  way and th u s  on ly  one know ledge  sou rce  is  env is ioned .
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Open/C losed Problem
The problem  is  closed in  th a t th e re  are  f in i te  se t o f bus iness ty p e s  and 
r is k s  associated w ith  them. Any novel cases are  c o n ve rte d  to  analogous
cases w ith in  the  closed set. Thus the  u n d e rw r ite r  ass igned a s a te llite  d ish 
in s ta l le r  as a " ro o fe r"  ( fo r  w h ich a ra te  ex is ted ) s ince  th e  in h e r ite d  p r im a ry  
r is k  (ie  fa ll in g )  is  the  same.
P ro a c tive /R eac tive  Problem
The problem  so lv in g  is  so le ly  re a c tive  to  the  in v ita t io n  to  quote.
Problem  S o lv ing  A rc h ite c tu re
T h is  ta sk  and Fore ign Exchange Exposure, re p o rte d  in  th e  next section , both  
dem onstra ted  the  most s im ple fo rm  o f search e nco un te red  in  a ll o f the  
occupa tiona l problem  s o lv in g  tasks  in v e s tig a te d . O nly one know ledge 
sub-dom ain  is  in v o lv e d  and th is  is  com ple te ly  searched m o re -o r- le ss  
a lg o r ith m ic a lly . The search in v o lv e d  can be re p re se n te d  by th e  s im p les t 
e x p e rt system  she ll, us ing  e ith e r backw ard  o r  fo rw a rd  ch a in in g , w ith  
d is c rim in a tio n  tes ts  pe rfo rm ed  both  a t in te rm e d ia te  and te rm in a l nodes.
The ta sk  can be rega rded  as e x p e rt because, a lth o u g h  in fe re n c e  and search 
space are  s tra ig h tfo rw a rd , the  size o f the  search space can be v e ry  la rge . 
A lth ough  th e  search is  shallow  i t  is  also v e ry  w ide as a re s u lt  o f many 
d if fe re n t  ty p e s  o f business. Thus, fo r  example, in  Commercial Business 
U n d e rw r it in g  the  search can be rep resen ted  as shown on the  nex t page:
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COMMERCIAL BUSINESS UNDERWRITING
Determine Number of 
Employees and Turnover 
(Rate Scaling Factor)
Agricultural ^gineers Air Conditioningtoirs
B. PL EL CWPL EL a PI !L cvy1  El
Test for Special 
Risks
Roads
+5% +10% +15% +0% +0% +10% +0% Rating
Tests  a t in te rm e d ia te  nodes p rune  the  search  a t lo w e r nodes. For in s tan ce
in  th e  small sample o f commercial u n d e rta k in g s  shown above th e re  are  no
"C o n tra c t W orks" (CW) r is k s  to  be cons ide red  fo r  A b a tto irs . Th is  is  because
u n lik e  A ir  C o nd ition in g  companies, A b a tto irs  do no t u n d e rta k e  o f f - s ite  w o rk  
on b e h a lf o f o th e r  companies. Thus, fo r  A b a tto irs , th e  search tre e  is
p ru n e d  so th a t  such r is k s  are not cons ide red . S im ila r ly , th e  tre e  can be
extended as a re s u lt  o f te s ts  a t in te rm e d ia te  nodes. Thus a sph a lte rs  are
s u b je c t to  a te s t fo r  specia l r is k s  (ie  w o rk in g  a t h e ig h ts  on roo fs ) in
re sp e c t o f Employee L ia b ility  (EL) r is k s . They a re  a lso s u b je c t to  P ub lic
Liability tests (ie endangering the public, when they are working on roofs
(d ro p p in g  too ls ) and on roads (causing  ve h ic le  co llis io n s ).
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The u n d e rw r ite r  used the  free hand  quo ta tio n , "p ro p "  to  g ra d u a lly  deve lop 
the  q u o ta tio n . As he w orked th ro u g h  the  c o n s tru c tio n  o f th e  quo ta tion , 
from  ty p e  o f u n d e rta k in g , then  to  c o ve r re q u ire d  and th e n  to  ac tua l w o rk  
proposed, th e  p ru n in g  o f the  search space (ie  l im it in g  th e  nex t se t o f 
fa c to rs  to  be cons ide red ) p lus  th e  in c o rp o ra tio n  o f spec ia l te s ts  was v e ry  
e v id e n t.
D iagram m atic R epresenta tion  o f Problem S o lv ing  Components
The d iagram  is  th e  f i r s t  and most sim ple o f those th a t  we w ill use to  
re p re s e n t th e  com ponents o f problem  s o lv in g  o f th is  and th e  fo llo w in g  tasks. 
The head ings a t th e  top  are  s ta n d a rd  to  a ll d iagram s and th e  a rro w s  show 
w h ich  o f th e  m a jo r com ponents a re  p resen t. In  th is  case we show th a t a 
s in g le  domain is  searched lead ing  to  a s tra ig h tfo rw a rd  p r im a ry  conclus ion . 
To some e x ten t, because o f its  s im p lic ity , th is  d iagram  is  ra th e r  re d u n d a n t. 
However, i t  is  in c lu d e d  because o f i t s  re levance as th e  m ost s im p le  case in  
com parison w ith  some o f the  more complex a rc h ite c tu re s  w h ich  fo llow .
Global In it ia l Search Domain P rim a ry  Secondary
Data Problem P re - Search C onclusion C onclusions
A c q u is itio n  A n a lys is  C o ns tra in in g
\ /  \ /
S ing le  Domain
=> =>
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Commercial Im p lem enta tion  Details
Fo llow ing  perfo rm ance  prob lem s w ith  IBM 's m ainfram e ESE she ll, d e sc rib e d  
more fu l ly  in  C hapte r 6, th e  system was s u c c e s s fu lly  im plem ented on an IBM 
3090 u n d e r IMS us ing  A ion C o rpo ra tion 's  ADS. The a u th o r  had o n ly  a small 
in vo lve m e n t w ith  the  e ve n tu a l im plem entation o f th is  system . However, a 
key re q u ire m e n t from  th e  ou tse t was to  s u p p o r t  th e  " v ir tu a l fo rm " (as 
de sc rib e d  above) used b y  the  u n d e rw r ite r  and to  access the  r is k  tab les  
w h ich  had been accum ulated ove r a long  p e rio d .
The " v ir tu a l fo rm " re c o rd s  the  key elem ents o f th e  r is k  and h ig h lig h ts  
in te ra c tio n s  lead ing  to  specia l r is k s . For in s tan ce , th e  f i r e  r is k  to  a t im b e r 
m erchan t (bus iness  a c t iv i ty )  is  co n s id e ra b ly  in c rea sed  i f  th e  bus iness  is  
located nex t to  a f is h  and ch ip  shop (bus iness  lo ca tio n ). S im ila r ly , th e  r is k  
ra t in g  fo r  a b u ild in g  s ite  w ill be c o n s id e ra b ly  in c reased  i f  a c rane  is  
w o rk in g  on th e  s ite  s in ce  the  r is k  tab les  show th a t c ranes  (bus in ess  
equ ipm en t) o ften  d ro p  item s on the  heads o f th e  s ite  o p e ra tiv e s  (bus in ess  
s ta ff in g ) .
The system  had to  p re p a re  a te x t based ju s t i f ic a t io n  o f the  prem ium  us ing  
th e  same s ty le  as th e  v ir tu a l form  used b y  th e  u n d e rw r ite r .  W ith o u t such 
a ju s t i f ic a t io n ,  w h ich  was always p repa red  b y  th e  human u n d e rw r ite r ,  the  
b ro k e r  was unable  to  ju s t i f y  the  prem ium  to  the  custom er and g e t h is  
business.
The e x p e rt u n d e rw r ite r  used fo r  th is  system  was v e ry  coop e ra tive  b u t  was 
conv inced  th a t h is e x p e rtis e  could no t be re p lic a te d . U n til i t  was po in ted  
o u t to  him he d id  n o t rea lise  th a t he was a p p ro a ch in g  e v e ry  r is k  on a v e ry  
s im ila r basis and, a lth o u g h  each h a n d w ritte n  " fo rm "  was c o n s tru c te d  from
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s c ra tch , he was a c tu a lly  w o rk in g  th ro u g h  a w e ll-e s ta b lis h e d  and 
re p ro d u c ib le  process.
A d d itio n a l Comments
Th is  ta s k  in v o lv e d  heavy use o f ta b u la r  m ateria l and " r u le  boo ks" and was 
a good example o f w here the  success o f the  f in a l im p lem enta tion  depended 
on encod ing  and in te g ra tio n  o f ta b u la r  and ru le  data.
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3.3 FOREIGN EXCHANGE EXPOSURE 
S ponsoring  O rgan isa tion
The in v e s tig a tio n  and commercial im p lem enta tion  w ere  sponsored  by  th e  
C o rpo ra te  T re a s u ry  Departm ent o f a m a jo r aero e n g in e  m a n u fa c tu rin g  
company.
In tro d u c tio n
The m anu fac tu re  o f m a jo r "bespoke" p ro d u c ts , such as aero eng ines, 
re q u ire s  th e  pu rcha se  o f many raw  m ate ria ls  and su b -com pon en ts  o v e r a 
pe riod  w h ich  may extend  fo r  seve ra l yea rs  from  th e  s ig n in g  o f th e  
m a n u fa c tu re r 's  c o n tra c t w ith  the  p u rch a se r. Many o f these  sub -com ponen ts  
and raw m ate ria ls  w ill come from  o u ts id e  th e  UK and th e  m a n u fa c tu re r faces 
cons ide rab le  r is k  from  changes in  the  s te r l in g  exchange ra te  a g a in s t th e  
c u rre n c y  o f th e  s u p p ly in g  co u n try .
C o rpo ra te  T re a s u ry  departm ents have a d u ty  to  a d v ise  p u rc h a s in g  
departm en ts  in  ope ra tiona l d iv is io n s  how th e y  m ig h t b es t hedge a g a in s t such 
c u rre n c y  changes. I f  th is  task is  no t u n d e rta ke n  th e  p r o f i t  from  th e  
co n tra c t, o fte n  nego tia ted  aga inst tough  com petition , can be e a s ily  e roded 
d u r in g  the  yea rs  between c o n tra c t s ig n a tu re  and p ro d u c t d e liv e ry .
T h is  task  o r ig in a te d  from  a company w ish in g  to  extend  th e  e x p e rtis e  o f i t s  
C o rpo ra te  T reasu ry  s ta f f  to  pu rch a s in g  u n its  so th a t  such  u n its  cou ld  deal 
w ith  the  mass o f small e n q u ir ie s  on th is  to p ic  w ith o u t re fe r ra l to  th e  
C o rpo ra te  T re a s u ry  Departm ent.
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A u th o r 's  Role
The a u th o r in s tig a te d  th is  e x p e rt system s p ro je c t, u n d e rto o k  th e  p r im a ry  
know ledge a c q u is itio n  and co llab o ra ted  in  the  core des ign  o f th e  im plem ented 
successfu l e x p e rt system . He d id  no t u nd e rtake  th e  de ta iled  des ign  o r  
im plem entation.
O u tline  Task D e scrip tion
The e x p e rt in  the  C o rpo ra te  T re a s u ry  Departm ent is  u s u a lly  ca lled b y  
te lephone to  adv ise  on a s tra te g y  fo r  con ta in ing  fo re ig n  exchange exposure  
on a p a r t ic u la r  pu rchase  th a t is  in  course o f nego tia tion  o r  f in a lis a tio n . 
A dv ice  is  sometimes g iven  b y  te lephone or, more u su a lly , b y  facs im ile . Such 
adv ice  is  g ive n  as a fo rm  o f w o rd in g  to be placed in  th e  pu rcha se  c o n tra c t 
o r, i f  a c o n tra c tu a l so lu tio n  canno t be negotia ted, th e  fo re ig n  exchange 
hedg ing  s tra te g y  to  be adopted by  the  p u rcha s ing  dep a rtm en t.
Form o f In v e s tig a tio n
Knowledge a c q u is itio n  was conducted  w ith  two key e xp e rts . A lth o u g h  th e  
e xp e rts  w ere held in  v e ry  h igh  esteem by th e ir  com pany, th e ir  know ledge 
was no t p a r t ic u la r ly  complex» o r ex tens ive  and all re le v a n t know ledge was 
a cqu ired  v e ry  q u ic k ly . As proposed below the  e xp e rtise  can be re p re se n te d  
by  a s im ple search tre e  and im plem entation was e xce p tio n a lly  
s tra ig h tfo rw a rd .
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F in d in g s  on N ature  o f Problem S o lv in g
A sim ple search is  conducted . The e x p e rt f i r s t  a sce rta in s  the  a n tic ip a te d  
exposure  in  size and c u rre n c y . I f  th e  am ount is  small o r  i f  US d o lla rs  are  
in v o lv e d  then no action  is  re q u ire d . In  o th e r  cases the  e n q u ire r  is  asked 
to  a ttem p t a num ber o f s tra te g ie s  th a t  p lace  th e  r is k  on the  s u p p lie r .  For 
in s tan ce  i f  th e  s u p p lie r  w ill b ill in  s te r l in g  o r  US d o lla rs  then  no fu tu re  
exposure  r is k  is  in v o lv e d .
I f  the  s u p p lie r  w ill n o t adop t s te r l in g  o r  US d o lla rs  then  a c c e p ta b ility  o f 
ano the r m ajor c u rre n c y  (eg German M arks) is  t r ie d .  I f  the  s u p p lie r  w ill b ill 
in  th is  c u rre n c y  then  hed g in g  a g a in s t th e  fu tu re  r is k  is  ro u tin e  and q u ite  
s tra ig h tfo rw a rd . I f  th e  s u p p lie r  in s is ts  on b il l in g  in  an obscu re  fo re ig n  
c u rre n c y  (eg T u rk is h  L ire )  then th e  p u rc h a s in g  u n it  is  p ro v id e d  w ith  a 
bespoke hedg ing  package a rra n g e d  b y  th e  C o rpo ra te  T re a s u ry  th ro u g ji the  
com pany’s bank.
Problem S tru c tu r in g  P rops (Tools and A ids )
A s tanda rd  p re -p r in te d  A4 form  is  used to  re co rd  th e  pu rchase  exposure  
de ta ils  and fu l ly  s u p p o rts  th e  e x p e rt d u r in g  th e  p ro g re s s in g  o f th e  e n q u iry  
to  i t s  com pletion. The fo rm  is  an idea l example o f a problem  s o lv in g  p rop  
and is sim ula ted in  th e  e x p e rt system  in p u t  screen and re p o rt.
G eneric Data
Reuters and Te le ra te  fu tu re s  pages a re  used e x te n s iv e ly  to  de te rm ine  lik e ly  
fu tu re  exposures and, b y  fu tu re  p u rch a se  o p tio n s  on fo re ig n  c u rre n c y , to
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se t in  place the  hedg ing  s tra te g ie s  w here  necessary.
S p ec ific  Data
Requests from  p u rc h a s in g  u n its  a re  usua lly  fo llow ed b y  a s h o r t  se rie s  o f 
ques tions  to  de te rm ine  th e  s p e c ific  problem  data. T h is  is  u s u a lly  v e ry  
sim ple and cons is ts  o f th e  am ount o f the  purchase, the  c u r re n c y  in v o lv e d  
and th e  l ik e ly  c o n tra c t and paym ent dates.
Knowledge Sources
A s in g le  know ledge source  s u p p o rts  the  s tra ig h tfo rw a rd  prob lem  so lv in g  
a lgo rithm .
O pen/C losed Problem
The problem  is  closed w ith  no o p p o r tu n ity  fo r  novel prob lem  d e s c r ip tio n s  
o r  so lu tions . I f  exposure  to  a v e ry  obscure  c u rre n c y  is  a n tic ip a te d  then  
the  "e x p e r t"  m ere ly devo lves  the  hedg ing  s tra te g y  to  the  com pany 's  bank. 
Thus, as w ith  Pensions Management, any problem s o u ts id e  th e  closed se t are  
re fe rre d  o u ts id e  the  com petence o f th e  expe rt and, in  the  im p lem enta tion , 
o u ts id e  the  e x p e rt system .
48
I n v e s t i g a t i o n s  o f  O c c u p a t io n a l  P r o b œ m  S o l v i n g
P ro a c tive /R e a c tive  Problem
The problem  s o lv in g  is  so le ly  re a c tiv e  to  re q u e s ts  from  p u rc h a s in g  
departm en ts .
Problem S o lv in g  A rc h ite c tu re
J o in t ly  w ith  Commercial Business U n d e rw r it in g  th is  ta s k  re p re s e n ts  a v e ry  
sim ple fo rm  o f search o f a s in g le  know ledge  sub-dom ain . The search is  
more-or-less a lg o r ith m ic  and can be re p re s e n te d  b y  th e  s im p les t e x p e rt 
system  she ll. S tra ig h tfo rw a rd  backw ard  c h a in in g  search was chosen fo r  th is  
im p lem entation w ith  d isc rim in a tio n  te s ts  pe rfo rm e d  bo th  a t in te rm e d ia te  and 
te rm in a l nodes.
However, as w ith  Commercial U n d e rw r it in g , th e  size o f the  search space was 
v e ry  la rge . Whereas the  Commercial Business U n d e rw r it in g  the  search space 
was v e ry  w ide b u t shallow , the  search space fo r  F ore ign  Exchange Exposure 
is  both  w ide (as a re s u lt  o f num ber o f c u rre n c ie s  fo r  w h ich  exposure  m ust 
be p ro te c te d ) and also, in  the  extrem e, deep (as a re s u lt  o f complex hedg ing  
s tra te g ie s  occas iona lly  used).
The system  is  used p a r t ia l ly  to adv ise  te lephone  ca lle rs  and not a ll the  
in fo rm a tio n  is  ava ilab le  in  advance. The u s e r is  th u s  p ro v id e d  w ith  p rom p ts  
th ro u g h o u t th e  search to  ask th e  c a lle r  fo r  h is /h e r  p re fe re n ce s  on 
c u rre n c ie s  and on the  l ik e ly  f le x ib il it ie s  o f  s u p p lie r  to  accep t paym ent te rm s 
in  d o lla rs  o r  German M arks.
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Diagram matic R epresentation o f Problem S o lv ing  Components
We show Fore ign Exchange Exposure as hav ing  th e  same sim ple a rc h ite c tu re  
and com ponents as Commercial Business U n d e rw r it in g .
Global In it ia l
Data Problem
A cq u is itio n  A na lys is
Search Domain
P re - Search
C o n s tra in in g
P rim a ry  Secondary 
Conclusion C onclusions
\ / \ /
S ing le  Domain
- >  - >
Commercial Im plem entation Details
T h is  sim ple system  was im plem ented us ing  C rys ta l 3 w here  e labo ra tion s  in  
th e  use r in te r fa c e  compensated fo r  th e  s tra ig h tfo rw a rd n e s s  o f the  
know ledge. The system  was re q u ire d  to  in te r fa c e  w ith  an in v o ic in g  package 
b u t th is  was re la t iv e ly  easy to  u n d e rta k e  and no prob lem s were 
encoun te red .
A d d itio n a l Comments
T h is  in v e s tig a tio n  and subse quen t im plem entation p ro ve d  most use fu l in  
d e m on s tra ting  the  pow er o f sim ple e x p e rt system s to  s u p p o r t  th e  expe rtise  
o f q u ite  sen io r execu tives. However, the  in v e s tig a tio n  is  reca lled  w ith  some 
em barrassm ent s ince  i t  was in i t ia l ly  fe l t  by  the  sp o n so rin g  com pany th a t the
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in d iv id u a ls  concerned were the  cus tod ians  o f v e ry  specia l e xp e rtise .
The a u th o r 's  fa ilu re  to  f in d  a n y th in g  excep t s im p le  a lg o r ith m ic  search 
caused some d if f ic u lt ie s  w ith  the  sponsor and, in  fa c t, p re c lu d e d  the  
in v e s tig a t io n  o f f u r th e r  tasks  in  case th e y  too w e re  fo u n d  to  b e  m undane.
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3.4 BENCHTOP ELECTRONIC DIAGNOSIS
[The a u th o r 's  account o f the  commercial management o f the  im plem enta tion  
fo llo w in g  th is  task  in v e s tig a tio n , b u t  no t th e  de ta iled  research  f in d in g s , is  
in c lu d e d  as a ch a p te r in  Bramer (1990).]
S ponsoring  O rgan isa tion
The commercial aspects o f th is  in v e s tig a t io n  w ere u n d e rta ke n  w ith  th e  
perm ission o f B r it is h  Telecom who la te r  sponsored  the  re s u lta n t fu ll- t im e
system  developm ents.
y
In tro d u c tio n
Th is  task  d if fe rs  from  Telecom Repair S e rv ic e  (re p o rte d  la te r  in  th is  
ch a p te r) in  th a t d iagnos is  is  conducted  on equ ipm en t th a t can be fu l ly  
accessed fo r  te s tin g  purposes. In  Telecom R epa ir S e rv ice  th e  d iagno s tic  
domain was a remote local lin e  n e tw o rk  w h e re  hypo theses cou ld  on ly  be 
p o s it iv e ly  tested  a t some cons ide rab le  m anpower expense. In  th is  task  the  
te s t domain is  a piece o f e le c tro n ic  e q u ip m e n t iso la ted  from  its  normal 
e nv iro nm en t and ava ilab le  on a te c h n ic ia n 's  bench fo r  fu l l  d ia g n o s tic  te s tin g  
and re p a ir.
A u th o r 's  Role
The a u th o r was .so le ly  respons ib le  fo r  in s t ig a t in g  th is  in v e s tig a tio n .
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u n d e rta k in g  all know ledge a cq u is itio n  and ana lyz ing  th e  a c q u ire d  know ledge. 
He was jo in t ly  respons ib le  fo r  th e  design s p e c ific a tio n  o f the  TRACKER 
e x p e rt system  she ll b u t no t fo r  i t s  Prolog im p lem enta tion .
O u tline  Task D escrip tion
F a u lty  e le c tro n ic  equ ipm ent is  removed from  te lephone  exchanges, e ith e r  
p u b lic  o r  a t custom er's  prem ises, and b ro u g h t to  a loca l w o rksho p  fo r  
re p a ir .  The re p a irs  are  u nd e rtake n  on a d ia g n o s tic  te c h n ic ia n 's  bench w ith  
th e  a id o f in s tru m e n ts , in c lu d in g  m eters, oscilloscopes e tc , and on com pletion 
th e  re p a ire d  u n its  are re tu rn e d  to  s tock  fo r  s u b se q u e n t f ie ld  use.
The te c h n ic ia n 's  u n d e rta k in g  th e  ta s k  each have a ra n g e  o f in d iv id u a l 
p ieces o f equ ipm en t w ith  w h ich th e y  are  fa m ilia r. In  th e  case o f Benchtop 
E le c tro n ic  D iagnosis the  in d iv id u a l techn ic ian  was e x p e rt a t re p a ir  o f a 
sw itched-m ode  pow er u n it  w h ich su p p lie d  the  v a r io u s  DC pow er su pp lies  to  
a m edium -sized custom er s w itc h in g  system  ("PAB X").
Form o f In v e s tig a tio n
The in v e s tig a tio n  o f th is  task  c h ro n o lo g ica lly  fo llow ed Telecom R epair S e rv ice  
re p o rte d  la te r  in  th is  chap te r. In  th e  Telecom R epair S e rv ice  in v e s tig a tio n  
know ledge a cq u is itio n  by  c o n c u rre n t ve rb a lisa tio n  had been used. However, 
B enchtop E lec tron ic  D iagnosis was no t amenable to  c o n c u rre n t ve rb a lis a tio n  
due to  th e  extended tim e un d e rta ke n  fo r  d iagnos is . Much o f the  
te c h n ic ia n 's  time is  a c tu a lly  in v o lv e d  in  d isassem bly, s e tt in g  up te s t 
co n d itio n s , com ponent rep lacem ent and f in a l assem bly and te s tin g . In  some
54
iNVESTlGATlOhS OF OCCUPATIONAL PROBLEM SOLVING
cases a te ch n ic ia n  can be in vo lve d  fo r  a com plete day on th e  d iagno s is  and 
re p a ir  o f a s in g le  u n it.  Much o f the  time in v o lv e d  has l i t t le  p rob lem  s o lv in g  
s ig n if ic a n c e  and c o n c u rre n t ve rb a lisa tio n  w ou ld  be in e f f ic ie n t  in  th e  extrem e.
As a re s u lt,  th is  task  p ro v id e d  the  a u th o r w ith  h is  f i r s t  m a jo r o p p o r tu n ity  
to  u n d e rta k e  know ledge a cq u is itio n  us ing  th e  ty p e s  o f know ledge a c q u is itio n  
te ch n iq u e s  d iscussed  more fu l ly  in  C hapte r 4.
The know ledge was in i t ia l ly  ana lyzed and a ru le  se t deve loped on a "p a p e r 
b a s is ". T h is  course  was adopted because th e re  was no c o n v e n ie n t she ll in  
w h ich  to  im plem ent the  expe rtise  and th e  a u th o r  co lla b o ra te d  w ith  h is  
w o rk in g  co lleague. Dr George Po lla rd , to  des ign  a p u rp o se  b u i l t  she ll, th e  
TRACKER sh e ll, w h ich  Dr Po lla rd  im plem ented in  m ic ro -P ro lo g . In  p ra c tic e  
th is  co lla b o ra tio n  re q u ire d  th a t the  fo rm  o f re p re s e n ta tio n  and th e  needs o f 
th e  in fe re n c e  system  were ite ra t iv e ly  s p e c ifie d  b y  th e  a u th o r  in  p a ra lle l 
w ith  th e  ongo ing  she ll im plem entation.
F in d in g s  on N a tu re  o f Problem S o lv ing
D iagnostic  search  fo r  th is  task  has a heavy p ro c e d u ra l e lem ent. In  th e  
d e fa u lt  case, and a fte r  d isassem bly o f th e  equ ipm en t, a se rie s  o f te s ts  a re  
pe rfo rm ed  in  a se t o rd e r. The sim ple o b je c t iv e  o f such te s ts  is  to  enable 
th e  d ia g n o s tic ia n  to  enco u n te r an abnorm al te s t  c o n d itio n  o r  d ia g n o s tic  c lue 
a t th e  e a r lie s t poss ib le  o p p o r tu n ity .
Once such a d iso rd e re d  cond ition  is  d isco ve re d , th e  in it ia l d ia g n o s tic  
p ro c e d u re  is  suspended and a new p ro ce d u re  in s t i tu te d  on th e  basis o f the  
d iscove red  c lue. T h is  "c lu e -d r iv e n  p ro c e d u ra l d ia g n o s is " con tinues
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re c u rs iv e ly  until th e  fau lty  com ponent is  iso la ted .
The d e fa u lt method o f te s tin g  d e scrib ed  may be en te re d  a t d if fe re n t  po in ts  
depend ing  on the  n a tu re  o f th e  re p o rte d  fa u lt  in  th e  equ ipm en t o r  obv ious  
in it ia l v isua l s ig n s  o f b roken  o r  b u r n t  com ponents.
The d iagno s tic  search may be v e ry  adequa te ly  desc rib e d  as p ro ce d u ra lise d  
h y p o th e s is -a n d - te s t w ith  dynam ic search tre e  re a rra n g e m e n t and p ru n in g  
on the  basis o f d iscovered  d ia g n o s tic  c lues. The TRACKER she ll was 
des igned to  s u p p o rt th is  spec ia lised , b u t q u ite  s tra ig h tfo rw a rd , method o f 
prob lem  so lv ing .
In  p a r t ic u la r  the  a b il i ty  to  encode p ro ce d u ra l search w ith o u t re ly in g  on 
c o n tr iv e d  p ro ce d u ra l reason ing  th ro u g h  ru les  was p a r t ic u la r ly  advantageous 
in  th e  Benchtop E lec tron ic  Repair im plem entation and th e  severa l f u r th e r  
commercial im plem entations us ing  th e  TRACKER she ll.
Problem S tru c tu r in g  Props (Tools and A ids)
The d ia g n o s tic  techn ic ian  d id  no t use any form  o f prob lem  s o lv in g  p rop  fo r  
s tra ig h tfo rw a rd  diagnoses. However, fo r  more d i f f ic u l t  o r  novel fa u lts , he 
a lw ays made b r ie f  notes w h ich  sum m arised h is  c u r re n t  p ro g re s s  and the  
v a r io u s  tes ts  w h ich he had u n d e rta ke n . In  a s im ila r fash ion  to  th e  notes 
used in  p re p a rin g  q uo ta tio ns  in  Commercial Business U n d e rw r it in g , these 
notes were s tru c tu re d  in  an e s s e n tia lly  fixed  fo rm at.
When co n fro n te d  w ith  a novel o r  am biguous te s t re s u lt ,  th e  d iagno s tic ian  
w ou ld  o ften  s it  away from  h is  te s t bench and a tte m p t to  so lve the  problem
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on th e  basis o f the  in fo rm a tion  reco rded  in  h is  no tes  ra th e r  th a n  on the  
basis o f  th e  o v e r t  m eter and o th e r te s t d is p la y s  a va ila b le  on th e  bench.
The notes were reco rded  in  a pocke t book w h ich  th e  d ia g n o s tic ia n  re fe rre d  
to  as h is  " d ia ry " .  The presence o f a ll in fo rm a tio n  on th e  fa u lt  on a s in g le  
page seemed to  ac t as an "e x te rn a l m em ory". C o nsu lta tio n  o f th e  notes 
seemed on severa l occasions to be th e  essen tia l t r ig g e r  w h ich  enabled the  
d ia g n o s tic ia n  to p ro g re ss  the  d iagnos is  to  i t s  s u c ce ss fu l conc lus ion .
When th e  fa u lt  was e v e n tu a lly  iso la ted  th e  no tes became a source  o f 
reference for further diagnoses and w ere f re q u e n t ly  consu lted  by  the  
te ch n ic ia n  a t tim es o f d if f ic u lty .
G eneric  Data :
The notes o r  " d ia ry "  as ju s t  d iscussed  fo rm ed  an in c re a s in g  asset o f 
g e n e ric  data  fo r  the  d iagnos tic ian . More fo rm a l g e n e r ic  data  was p ro v id e d  
b y  c ir c u i t  d iagram s, c ir c u it  d e s c r ip tio n s  and e q u ip m e n t manuals. However, 
as de sc rib e d  below u n d e r "Commercial Im p le m e n ta tio n ", many o f these  la t te r  
" o f f ic ia l"  sources o f in fo rm a tion  w ere o u t-o f-d a te  o r  o f l i t t le  use fo r  
d iagnos is .
Many o f the  fa u lts  encounte red  ex is ted  in  new m odified v e rs io n s  o f 
equ ipm ent. Such m od ifica tions w ere  ra re ly  show n on the  in fo rm a tio n  
p ro v id e d  fo r  the  d iagnos tic ian  and th u s  h is  pe rsona l notes became an 
in c re a s in g  source  o f va luab le  g e n e ric  in fo rm a tio n .
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S pec ific  Data .
S pec ific  problem  data  was ava ilab le  from  a Fau lt R eport Docket com pleted b y  
the  f ie ld  te ch n ic ia n  who had removed (and rep laced) th e  fa u lty  u n it  a t th e  
custom er's  prem ises. In  many cases the  docke ts  w ere vague and o fte n  d id  
no t m ention th e  a b o rt iv e  local re p a irs  which had been a ttem pted  and were 
the  actua l cause o f more damage than  the  o r ig in a l fa u lt .  (F o r in s ta n ce , th e  
local te ch n ic ia n  m ig h t rep lace  the  fuse  o f a u n it  damaged b y  o v e rlo a d in g  
and th u s  remove a use fu l d ia g n o s tic  symptom fo r  th e  w o rksho p  
d ia g n o s tic ia n .) In  consequence such docke t in fo rm a tio n  was la rg e ly  ig n o re d  
by  th e  d iagno s tic ian  who w ould  u su a lly  u n d e rta ke  a "d e fa u lt  d ia g n o s is " as 
i f  no p r io r  in fo rm a tio n  had ex is ted .
Knowledge Sources
The domain can be cons ide red  to  be served by  a s in g le  know ledge  source .
O pen/C losed Problem
The prob lem  is  closed and re s tr ic te d  to  a f in ite  se t o f fa u lts . W ith some few  
excep tions a ll fa u lts  can be mapped onto  the  fa ilu re  o f a s in g le  com ponent. 
T h e re fo re  th e  num ber o f feas ib le  diagnoses is  app ro x im a te ly  equal to  the  
num ber o f com ponents in  th e  equ ipm ent.
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P roac tive /R eac tive  Problem
Diagnosis is  u n d e rta ke n  p u re ly  on a re a c tiv e  basis when th e  d ia g n o s tic ia n  
is  p resen ted  w ith  a fa u lty  piece o f equ ipm ent.
Problem S o lv ing  A rc h ite c tu re
Th is  ta s k  can be cons ide red  as a dynam ic search  tre e  w ith  te s ts  a t bo th  
nodes and leaves.
In  th is  form  o f  search the  te s ts  a t in te rm e d ia te  nodes are  used to  genera te  
hypo theses w h ich  may be tes ted  a t su b o rd in a te  local nodes in  the  tre e . 
However i t  is  also common fo r  the  re s u lts  o f te s ts  a t in te rm e d ia te  nodes to  
genera te  hypo theses re la te d  to  d is ta n t nodes in  th e  tree . Such unexpected 
"c lu e s " may re s u lt  in  a search w h ich  " ju m p s  a ro u n d " the  search tre e . T h is  
fo rm  o f search can be cons ide red  as a d yn a m ica lly  re -a rra n g e a b le  search 
tre e  and, in  im p lem enta tion  term s, can be cons ide red  as p ro c e d u ra l search 
s u b je c t to  fo rw a rd  ch a in in g  o p p o r tu n is t ic  c o n tro l.
Shown on the  next page is  a s im ple example w here  a te s t a t (*1 ) sw itches 
the  search to  (*2 ). I t  is  to  be no ted th a t th e  tre e  below (*1 ) is  n o t p ru n e d  
and exhaustion  o f the  h yp o th e s is  a t (*2 ) w ill in  due course  allow  th e  search 
to  re v e r t  to th e  tre e  below (+1).
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BENCHTOP ELECTRONIC DIAGNOSIS
Intermediate 
Test at Node
(•1)
(*2) Search switches 
to Distant Node
A:: : : : -w  v  x  ■ ^  w fl-w  ^
Diagram m atic R epresen ta tion  o f Problem S o lv ing  Components
Again, a ltho ugh  th e  actua l search is  more com plicated than  Commercial 
Business U n d e rw r it in g  o r  Fore ign Exchange Exposure, the  p rob lem  can again 
be shown d iag ram m atica lly  as search o f a s in g le  domain le a d in g  to  a p r im a ry  
conc lus ion  as to  w h ich  com ponent is  fa u lty .
Global In it ia l
Data Problem
A c q u is itio n  A n a lys is
Search Domain
P re - Search
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Commercial Im p lem enta tion  Details
The TRACKER she ll was im plem ented by  Dr P o lla rd  and used fo r  fo u r  
in te rn a l B r it is h  Telecom app lica tio n s . I t  was la te r  re -im p lem en ted  b y  o th e r  
co lleagues, again w ith  th e  a u th o r 's  des ign  co lla b o ra tio n , and used b y  B r it is h  
Telecom fo r  a f u r th e r  se rie s  o f d ia g n o s tic  e x p e rt system s im p lem enta tions.
The TRACKER system  was v e ry  su c c e s s fu lly  used b y  e n th u s ia s tic  te ch n ic ia n s  
a t a num ber o f  BT s ite s  and was th e  s u b je c t o f an OU/BBC A lvey  v id eo  case 
s tu d y . I ts  u n iv e rs a l usage a t a w ide  num ber o f BT s ite s  was p re v e n te d  due 
to  lim ita tio n s  in  th e  h a rd w a re  b u d g e t necessary to  provide IB M -com patib le  
PCs a t e v e ry  bench top  w o rk  pos ition . ( I t  is  no t p ra c tic a l to  p ro v id e  a 
bench top  d ia g n o s tic  system  unless i t  can be d e liv e re d  a t th e  ac tua l w o rk in g  
pos ition  w h ich is  th e  bench top . Use o f a shared m achine a t a re p a ir  c e n tre  
re q u ir in g  the  te ch n ic ia n  to  ge t up from  h is w o rk in g  pos itio n  a t e v e ry  stage 
o f the  d ia g n o s tic  te s tin g  re s u lts  in  the  system  n o t be ing  used s ince  i t  is  
eas ie r to  puzzle  o u t th e  so lu tion  to  the  problem  ra th e r  than co n d u c t an 
in c o n v e n ie n t "w a lk in g  d ia lo g u e " w ith  the  e x p e rt system .)
A lth o u g h  the  h a rdw a re  prob lem  cou ld  have been overcom e th e re  s t i l l  remain 
th re e  o th e r prob lem s th a t  would today  p re v e n t th e  w id e r u t il is a t io n  o f the  
system  as then  im plem ented. These prob lem s a re  describ ed  im m edia te ly 
below.
Problem 1 -  Cost o f Im p lem enta tion  fo r  M u ltip le  Equ ipm ents
F irs t, BT w orkshop  te ch n ic ia n s  re p a ir  a w ide range  o f "e le c tro n ic  boxes". 
The TRACKER system  was in it ia l ly  used to d iagnose fa u lts  on a sw itched
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mode pow er s u p p ly  and a pu lse  code m odulation u n it  and, la te r ,  and w ith  
o n ly  my p a rt ia l in vo lve m en t, c e rta in  o th e r "boxe s" such as modems etc. 
Each o f the  e x p e rt system s took  seve ra l weeks to  im plem ent and te s t even 
th ough , a t th is  stage, th e re  was cons ide rab le  expe rience  in  the  use o f th e  
TRACKER she ll and the  a u th o r  and h is  colleagues w ere becoming v e ry  s k ille d  
a t know ledge a cq u is itio n  and e x p e rt system  im plem enta tion . N everthe less, 
the  cos t o f th is  im p lem entation e f fo r t  was too g re a t i f  f u l ly  fu n d e d  by  the  
re p a ir  se rv ice  p r o f i t  c e n tre  and m u ltip lie d  by  th e  w ide range  (seve ra l tens ) 
o f ty p e s  o f u n its  re p a ire d  in  each cen tre .
Problem 2 -  Changing Equipm ent S pec ifica tions
Second, and a re c u r re n t  prob lem  ' fo r  many proposed e n g in e e rin g  re p a ir  
e x p e rt system s, was th a t  th e  sp e c ifica tio n  o f equ ipm en t be ing  re p a ire d  was 
un d e rgo in g  con tin uous  u p d a tin g . Thus item s w ere com ing in to  re p a ir  w ith  
v a rio u s  c ir c u i t r y  changes and a d d itio n a l com ponents, o fte n  to  cope w ith  
some o f the  fa u lts  w h ich  had p lagued e a r lie r  v a r ia n ts  o f th e  equ ipm ent. For 
in s tance , in  the  sw itched  mode pow er s u p p ly  system , a m a jo r com ponent o f 
the  d iagnos is  was to  d e te c t w h ich o f fo u rte e n  id e n tic a l d iodes had fa ile d  in  
se rv ice . Use o f the  e x p e rt system  (o r the  presence o f the  v e ry  s k ille d  
e x p e rt)  p reven ted  the  e f fo r t  o f e x h a u s tive ly  u n s o ld e rin g  and re p la c in g  each 
o f the  diodes, sometimes lead ing  to  secondary  damage, to  f in d  th e  d e fe c tiv e  
com ponent. In  the  la te r  ve rs io n s  o f the  equ ipm en t a ll o f th e  d iodes had 
been rep laced by  a more ro b u s t com ponent w ith  the  re s u lt  th a t  the  focus 
o f p ro b a b ilit ie s  o f the  cause o f th e  fa u lts  had moved to  o th e r  com ponent 
g roup s . E lec tron ic  d iagnos is  is  o fte n  lik e  lo o k in g  fo r  a weak l in k  in  a 
cha in . I f  a p a r t ic u la r  l in k  is  s tre n g th e n e d  then th e  p ro b a b il ity  o f th e  cause 
o f fa u lts  moves to  the  next weakest l in k .  I f  a d iode has been u p ra te d  then
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a tra n s fo rm e r becomes suspec t in  the  u p ra te d  equ ipm en t; by  u p ra t in g  a 
tra n s fo rm e r then  a c ir c u i t  t ra c k  becomes th e  l ik e ly  suspe c t e tc.
The re s u lt  o f these ongo ing  c ir c u it  im p rovem en ts , some o f w h ich  were 
t r ig g e re d  as design changes re s u lt in g  from  th e  re c u r re n t  fa u lts  h ig h lig h te d  
by  th e  e x p e rt system , had a p ro fo u n d  e f fe c t  on th e  use fu lness  o f th e  
d ia g n o s tic  e x p e rt system  used fo r  d ia g n o s in g  th e  la te r  v a r ia n ts  o f the  
"b oxe s". There  was an u rg e n t re q u ire m e n t to  p ro d u c e  upda ted  ve rs io n s  o f 
th e  know ledge base to  cope w ith  the  changes in  th e  fa u lt  p a tte rn s  o f the  
v a r ia n ts . H e u ris tics  in  th e  e x p e rt system s m atch th e  fa u lt  p a tte rn  in  th a t 
th e y  lead the  user in  th e  most e f f ic ie n t  ro u te  to  d is c o v e r the  fa u lt .  I f  the  
fa u lt  p ro b a b il ity  changes then  the  h e u r is t ic s  w ill u s u a lly  d is c o v e r the  new 
fa u lts  b u t  in  a v e ry  in e ff ic ie n t  and ro u n d a b o u t m anner. Th is  means th a t 
th e  e x p e rt system  is  no good and w ill no t be used more than  once o r  tw ice  
s ince  i t  w ill lead the  use r in  a pa th  th a t  p ro b a b ly  takes lo n g e r than  * 
una ided exha us tive  search.
The o n ly  p ra c tica l so lu tion  fo r  th is  second p rob lem  is  to  p ro v id e  e xp e rt 
system s th a t can be u se r updated when th e  s u b je c t o f d iagnos is  changes 
its  c h a ra c te r is t ic s . Th is  b r in g s  fo rw a rd  a w ide  ra n g e  o f prob lem s ra n g in g  
from  th e  " le a rn in g "  issue  r ig h t  th ro u g h  to  u se r in te r fa c e s  a llow ing  users 
to  make small changes to  the  know ledge base. A ll o f these prob lem s are 
s u b s ta n tia l and v e ry  much ou tw e igh  th e  issu e  o f  p ro v id in g  a re la t iv e ly  
sim ple e x p e rt system  on inexpens ive  use r h a rd w a re . T h is  m a tte r is  fu r th e r  
d iscussed  u n d e r "D es ign -D iagnostic  C oopera tive  E x p e rt System s" a t the  end 
o f th is  section .
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Problem 3 -  C o s t-J u s tif ic a tio n  o f an E xpe rt "T ea ch in g " System
The th ir d  problem  was n o t a c tu a lly  rea lised by the  system  sponsors 
a lth o u g h  the  a ll those  in v o lv e d  in  TRACKER system  im p lem enta tion  s e c re tly  
rea lised  i t  v e ry  e a r ly  in  th e  w o rk . S im ply p u t, many e x p e rt system s w ill 
no t be used once th e y  have " t ra in e d "  the  use r to  be an e x p e rt. In  the  
f i r s t  TRACKER im plem enta tion  (w h ich  was the  s u b je c t o f th e  A lv e y  v ideo) the  
a u th o r  p ro v id e d  th e  in it ia l t r ia l  system  fo r  a young  te c h n ic ia n  who, v e ry  
ra p id ly ,  was able to  u n d e rta k e  th e  same le ve l o f re p a irs  as th e  o r ig in a l 
e xp e rt. A fte r  e x p lo r in g  most o f th e  d iagnoses he d id  n o t use the  e x p e rt 
system  any more s ince  he had e ffe c tiv e ly  been tra in e d  b y  i t .  As a re s u lt,  
a lth o u g h  the  use r was v e ry  pleased w ith  the  e x p e rt system  and se t g re a t 
s to re  b y  it ,  the  system  sa t on th e  back o f the  bench fo r  most o f th e  time 
and was o n ly  sw itched  on when th e  user encounte red  a to u g h  problem  fo r  
w h ich the  system  had n o t " t ra in e d "  him. A t th is  stage th e  system  was 
sw itched  on, a success fu l d iagnos is  und e rtake n  and then  no t used again 
u n t il th e  next unusua l fa u lt  is  encoun te red . T h is  is  e xa c tly  th e  same as the  
human "m aste r and a p p re n tic e "  model w here the  in c re a s in g ly  experience  
a p p re n tice  asks que s tio n s  o f th e  m aster w ith  decreas ing  fre q u e n c y  u n t il he 
is  fu l ly  tra in e d .
Of course, the  use o f e x p e rt system s as tra in in g  a ids is  v e ry  w o rth y . 
However, i t  does n o t im p ress  management who expect to p ro v id e  a resou rce  
o n ly  i f  i t  is  c o s t- ju s t if ia b le  on th e  basis o f i t s  lo n g -te rm  c o n tin u o u s  usage 
o r as an aid to  o v e ra ll in c reases  in  w o rk e r p ro d u c tiv ity .  An e x p e rt system  
th a t, once i t  has tra in e d  it s  user, becomes la rg e ly  unused, does no t f i t  th is  
model. A lthough  th e  TRACKER sponsors  neve r fu l ly  rea lised  th is  problem , 
i t  w ould  have u n d o u b te d ly  su rfa ce d  la te r  and the  tra d it io n a l t ra in e rs ,  w ith  
a vested  in te re s t  in  m a in ta in in g  expensive  t ra in in g  courses, w ould have
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pounced upon th is  issue and c r it ic is e d  th e  e x p e n d itu re  on in fre q u e n t ly  used 
ha rdw a re  and so ftw are .
F u r th e r , i t  would have been im possib le  to  ju s t i f y  th e  e x p e rt system  on the  
g ro u n d s  o f a p ro d u c t iv ity  increase. T he re  w e re  no app a re n t inc reases  in  
p ro d u c t iv ity  because, i f  a n y th in g , usage o f an e x p e rt system  slows down a 
w o rk e r. Once se lf-expe rienced , o r  tra in e d , th e re  seems to  be no more 
p ro d u c t iv ity  b e n e fits  th a t can acc rue  to  an e x p e rt by  use o f an e x p e rt 
system  to  s u p p o rt a s tra ig h t fo rw a rd  ta s k  such as Benchtop E lec tron ic  
D iagnosis. In  the  cases o f some ta s k s  d iscussed  la te r ,  such as M u ltin a tio n a l 
Tax P lann ing , use o f th e  re s u lta n t e x p e rt system  cou ld  aid the  p ro d u c tiv e  
so lu tio n  o f complex problem s. However, such ju s t i f ic a t io n  was n o t.p o s s ib le  
fo r  Benchtop E lec tron ic  D iagnosis o r  any o f th e  o th e r  un re p o rte d  s im ila r 
e le c tro n ic  d iagno s tic  ta sks  in v e s tig a te d  com m erc ia lly  by  the  a u th o r.
The fo rm  o f d iagnos is  fo u n d  in  Benchtop E le c tro n ic  Diagnosis is  expensive  
and d i f f ic u l t  to s u p p o rt. N everthe less, th e  know ledge may be a cqu ired  
reasonab ly  eas ily  and a d d ition a l w o rk  needs to  be done to  overcom e some 
o f th e  above p ra c tic a l problem s so th a t  d ia g n o s tic  e x p e rt system s, perhaps 
coup led  w ith  AT Es (Autom atic  Test E qu ipm en ts), may become more commonly 
used.
D es ign -D iagnostic  C oopera tive  E xp e rt Svstem s
A p a r t ic u la r  b a r r ie r  to  commercial im p lem en ta tion , th a t o f chang ing  
equ ipm en t spe c ifica tio n s  is  d iscussed  above. T h is  issue is  now fu r th e r  
d iscussed  in  the  con tex t o f the  lessons le a rn e d  from  th is  task  in  respec t o f 
in te r -e x p e r t  coope ra tive  problem  so lv in g .
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In  e f fe c t th e re  is  a feedback loop between re p a ir  d ia g n o s tic ia n s  in  the  fie ld  
and h e a d q u a rte rs  des igne rs  o f e le c tro n ic  equ ipm ent; (T h is  a p p lie s  equ a lly  
well to  dom estic TV sets as fo r  the  te lecom m unications e q u ip m e n t th a t was 
in v e s tig a te d .)  The f i r s t  ve rs ion  o f any new piece o f equ ip m e n t is  so le ly  the  
p ro d u c t o f th e  d e s ig n e r's  w o rk  b u t la te r  v e rs io n s  and m o d ifica tio n s  depend 
on expe rience  o f the  equ ipm ent in  use.
A ll e le c tro n ic  equ ipm en t fa ils  and s ta tis t ic s  are  ga the red  on com ponents to 
de te rm ine  those  th a t  a re  the  key causes o f fa ilu re . In  s w itch e d  mode power 
s u p p lie s  the  main diodes are  o ften  u n d e rsp e c ifie d , fo r  reasons o f economy, 
and have a h igh  fa ilu re  ra te . La te r, o r  m odified, ve rs io n s  o f th e  equ ipm ent 
have h ig h e r  sp e c ifica tio n  diodes and th is  sou rce  o f fa ilu re  becomes fa r  less 
fre q u e n t. As a lrea dy  described  th is  has th e  re s u lt  o f ch a n g in g  the  
h e u r is t ic  search p a tte rn . C irc u it  d iagram s fo r  th e  m od ified  v e rs io n s  o f the  
equ ipm en t a re  p roduced  and these diagram s, to g e th e r w ith  com ponent 
l is t in g s ,  a re  ava ilab le  to  the  re p a ir  d iagno s tic ians  when th e  m odified 
e qu ipm en t comes in  fo r  re p a ir.
In  th e o ry  th is  feedback process is  re la t iv e ly  sensib le . However, th e re  are 
m a jo r prob lem  due to  the  fa c t th a t the  "d e s ig n  e x p e rt"  (o r  sm all team o f 
d e s ig n e rs ) and " re p a ir  e x p e rt"  (o f whom th e re  may be se ve ra l h u n d re d  a t 
d i f fe re n t  s ite s ) do no t communicate in  any e ffe c tiv e  sense.
F irs t,  the  d e s ig n e r does no t re a lly  know w hat causes th e  e q u ip m e n t to  fa il. 
He rece ives da ta  on com ponent fa ilu re s  b u t th is  is  o n ly  p a r t ia l ly  usefu l. 
For in s tance , th e  same capa c ito r may be used tw e n ty  tim es o v e r  in  the  same 
equ ipm en t b u t i t  is  on ly  a t one loca tion  in  th e  c ir c u i t  th a t  i t  is  o ve rs tre sse d  
and fa ils . And the  fa ilu re  may no t be due to  an in h e re n t  fa u lt  in  the  
c a p a c ito r b u t  due to  the  fa c t th a t f ie ld  in s ta lla tio n  te c h n ic ia n s  re g u la r ly
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make acc iden ta l s h o r t - c ir c u its  o f the  equ ip m e n t o u tp u t d u r in g  th e  
in s ta lla tio n  te s tin g . W hat is  re a lly  re q u ire d  is  a c ir c u i t  m od ifica tion  to  g iv e  
s h o r t - c ir c u i t  p ro te c tio n  to  th e  equ ipm ent ra th e r  th a n  sim ple rep lacem ent o f 
th e  capa c ito r.
The d ia g n o s tic  te ch n ic ia n  knows th e  causes fo r  c ir c u i t  fa ilu re  b u t  th e re  is  
no mechanism fo r  him to  convey these back to  th e  d e s ig n e r. T h e re fo re  th is  
h a lf o f th e  feedback loop is  g ro s s ly  d e fe c tiv e  b u t cou ld  be ra d ic a lly  
im p roved  i f  com m unica ting e x p e rt system s w ere  used b y  bo th  th e  
d ia g n o s tic ia n s  and the  des igne r. In  th is  case th e  d e s ig n e r w ou ld  b e n e fit  
from  know ledge o f th e  actua l causes o f fa u lts  ra th e r  th a n  the  raw  
com ponent s ta tis tic s .
The feedback  from  d e s ig n e r to  d iagno s tic ian  is  also a se rio u s  problem . 
D iagnostic ians e n co u n te r many c irc u its ,  p ro b a b ly  th e  va s t m a jo r ity , w here  
th e y  are  o n ly  p ro v id e d  w ith  a c ir c u it  d iagram  and com ponent l is t in g s .  In  
la te r  ve rs io n s  o f c ir c u its  th e re  are  many m o d ifica tio n s  w ith  s in g le  o r  small 
g ro u p s  o f com ponents added on to  the  main c ir c u i t  board . U su a lly  th e  
d ia g n o s tic ia n  has o n ly  a vague idea o f th e  pu rpo se  o f these  e x tra  
com ponents and, q u ite  o fte n , he does not know w h a t s u b s id ia ry  c i r c u i t r y  in  
the  main equ ipm en t is  designed to  achieve. For in s tance , in  the  pu lse  
gene ra tion  c i r c u i t r y  o f pow er un its , the  d ia g n o s tic ia n  was unab le  to  d e sc rib e  
the  pu rpo se  o f many o f th e  components. However, he knew th a t  th e y  a ll 
had a pu rpo se  and cou ld  describ e  those most l ik e ly  to  fa il.  The s itu a tio n  
is  s im ila r to  m edicine w he re  a surgeon knows th a t  a problem  in  a p a r t ic u la r  
g land  is  th e  source  o f an illn e ss  b u t has no idea o f th e  p h ys io lo g ica l 
connection  between th e  d e fe c tiv e  fu n c t io n in g  o f th e  g land  and th e  sym ptom s.
T h is  s itu a tio n  cou ld  be ra d ic a lly  im proved  i f  th e  d ia g n o s tic ia n  had access
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to  an e x p e rt system  in c lu d in g  the  des ign  know ledge and c ir c u it  o b je c tiv e s  
o f th e  des igne r. On a more sim ple le ve l, much cou ld  be done b y  o b lig in g  
th e  c ir c u it  d e s ig n e r to  p roduce  c ir c u i t  des ign  notes in  advance o f the  
in tro d u c tio n  o f the  new equ ipm en t in to  the  f ie ld . However, in  many 
o rgan isa tion s , the  p ro d u c tio n  o f such c ir c u it  notes is  th e  re s p o n s ib ility  o f 
a T ra in in g  Departm ent and th e ir  a v a ila b il ity  lags well b e h in d  th e  appearance 
o f the  equ ipm ent in  the  f ie ld . By th e  tim e th a t  th e y  appear th e  re p a ir  
d iagno s tic ians  have a lready  p a in fu lly  d iscove red  (o r  con fused  them selves) 
as to  th e  actual way in  w h ich th e  c ir c u i t  opera tes.
These and s im ila r issues are  fu r th e r  cons ide red  in  Section 6.10 u n d e r th e  
head ing  o f "O p p o rtu n it ie s  fo r  Com m unicative E xp e rt S ystem s".
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3.5 AUDIT WORK PLANNING
S ponso ring  O rgan isa tion
The in v e s tig a tio n  and extens ive  w o rk  on th e  im p lem en ta tion  o f th e  re s u lta n t 
e x p e rt system  was sponsored by Coopers & L y b ra n d 's  a u d it  p ra c tice .
In tro d u c tio n
T h is  v e ry  successfu l e x p e rt system  was im p lem ented b y  th e  a u th o r 's  
Knowledge E ng in ee ring  Group a t Coopers & L y b ra n d . The im p lem enta tion  
was d i f f ic u l t  and p ro tra c te d  and in  a p ro fe ss io n a l area n o t p re v io u s ly  
addressed  b y  e x p e rt system s techno logy.
A u th o r 's  Role
The a u th o r 's  research  ro le  was in  th e  core  know ledge  a c q u is itio n , a u d it ta sk  
a n a lys is  and system  des ign  stages. A lth o u g h  he had o v e rs ig h t management 
and re s p o n s ib ility  fo r  the  la te r  stages o f th e  im p lem en ta tion , much o r ig in a l 
and v e ry  in ge n io u s  im plem entation was done so le ly  b y  o th e rs , p a r t ic u la r ly  
to enable  a v e ry  la rg e  and com prehensive e x p e rt system  to  be ru n  w ith in  
th e  then  lim ita tio n s  o f a po rtab le  PC.
O u tline  Task D escrip tion
A u d ito r 's  a re  p r im a r ily  respons ib le  fo r  p ro v id in g  an op in ion  as to th e
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v a lid ity  o f the  s ta tu to ry  accounts o f companies. U n like  fra u d  in v e s tig a to rs ,  
who make a com plete check o f a ll f in a n c ia l docum enta tion, a u d ito rs  make an 
exam ination o f a s ta tis t ic a l o r  re p re s e n ta tiv e  sample o f the  f irm 's  fin a n c ia l 
reco rds . These may be e ith e r  pap e r records, such as in vo ice s  o r  s to ck  
re co rd s  etc, o r  fin a n c ia l and o th e r  da ta  held on the  f irm 's  com pu te r.
The task  o f the  a u d it  manager, whose expe rtise  was ta rg e te d  fo r  th is  
system , is  to  p lan the  w o rk load  o f th e  actual s ta f f  who make th e  p h ys ica l 
checks o f f in a n c ia l re co rd s  a t the  com pany's prem ises. A u d it  s ta f f  tim e is  
an expensive  resou rce  to  accoun tancy firm s  and the  a u d it  m anager's  o ve ra ll 
goal is  plan a p ro fe s s io n a lly  com petent a u d it e n ta ilin g  e x p e n d itu re  o f the  
minimum s ta f f  e f fo r t .
The p lann ing  is  t ra d it io n a lly  com pleted m anually and i t  was know n th a t 
managers o fte n  adopted a 'b e lt  and braces' approach so th a t th e  re s u lta n t 
a u d it was 'sa fe ' b u t o v e r-re s o u rc e d . The actua l o u tp u t fro m  bo th  the  
e x is tin g  manual p rocess and the  e x p e rt system is  a m u lti-p a g e  w o rk p la n  o f 
ta sks  fo r  a u d it  s ta f f  to  und e rtake .
Form o f In v e s tig a tio n
A ccountan ts  have a lo n g -e s ta b lis h e d  tra d it io n  o f p ro d u c in g  com petent 
manuals on a u d it  p ra c tice . These e x is t both to  g ive  m ateria l f o r  th e  tough  
accountancy exam inations and also, in  theo ry , to  gu ide  th e  d a y - to -d a y  w o rk  
o f a u d it  s ta ff .  In  p ra c tic e  the  actua l expe rtise  o f c o n d u c tin g  an a u d it, and 
the  p a r t ic u la r  s k il l  o f a u d it  w o rk  p lann ing , is  le a rn ed  "on th e  jo b "  and 
m ainta ined la rg e ly  in  th e  heads o f the  p ra c tit io n e rs . M oreover, from  o u r 
in it ia l in v e s tig a tio n s , i t  seemed th a t  the re  was co n s ide rab le  d iffe re n c e
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betw een th e  know ledge and  view s of d if fe re n t a u d it w ork p lann ing  'e x p e r ts '.
As a re s u lt, and as an aid to  e ff ic ie n c y , a p a r t ic u la r  a u d it m anager was 
se lected as p r im a ry  e x p e rt and h is  know ledge used to  des ign  th e  core  
system . La te r, i t  was decided to  use th is  e xp e rt, b y  then  fa m ilia r  w ith  th e  
e x p e rt system  process, to  seek o u t de ta iled  know ledge from  h is  co lleagues 
so th a t  th is  cou ld , w here  a p p ro p ria te , be in c o rp o ra te d  in to  th e  system . 
N everthe less, th e  in i t ia l ly  d iscove red  fo rm  o f w o rk in g , as re p o rte d  here, was 
m ere ly fleshed  o u t in  d e ta il b y  the  use o f th e  e x p e rt as an in te rm e d ia ry  to  
th e  w id e r know ledge o f h is  colleagues.
In it ia l know ledge a c q u is itio n  was c a rr ie d  o u t b y  w o rk in g  th ro u g h  th e  f ile s  
o f es tab lished  a u d it p lans  w ith  th e  e x p e rt us ing  th e  p a r t ic u la r  cases to  
exp la in  and ju s t i f y  th e  re s u lta n t w o rk  p lan in  th e  f ile .  One o f th e  p r im a ry  
si d e -e ffe c ts  o f th is  p rocess was th a t, un less th e  e x p e rt had a c tu a lly  
p repa red  the  p lan, and cou ld  remember th e  de ta ils , i t  was o fte n  v e ry  
d i f f ic u l t  fo r  him to  p ro v id e  a re tro s p e c tiv e  ju s t i f ic a t io n  fo r  th e  dec is ions 
made in  the  f ile .
In  many cases p a r t ic u la r  'a u d it  s teps ' (ie  ch e ck in g  processes w ith in  an 
a u d it)  were in e x p lic a b ly  n o t c a rr ie d  ou t, c a rr ie d  o u t to  no o b v ious  pu rpose  
o r c a rr ie d  o u t on m ate ria l th a t had a lre a d y  been checked in  a n o th e r p a r t  
o f the  a ud it.
Th is  in v e s tig a t iv e  w o rk , c a rr ie d  o u t a t a co m p a ra tive ly  e a r ly  s tage  o f the  
p ro je c t in v e s tig a tio n , p ro v id e d  cons ide rab le  f u r th e r  m anageria l ju s t i f ic a t io n  
fo r  the  need fo r  an e x p e rt system  to  'd is c ip lin e ' th e  a u d it  w o rk  p la n n in g  
process.
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Knowledge a c q u is itio n  sessions were aud io  recorded . A lth o u g h  in  a 'ba lance 
shee t dom ain ', w here  v ideo  re c o rd in g  would u sua lly  be u s e fu l, th e  p lann ing  
process is  a t a h ig h e r le ve l than  the  actua l s c ru t in y  o f f ig u re s  and i t  was 
poss ib le  to  a c q u ire  know ledge w ith o u t ex tens ive  re fe re n c e  to  tab les  o f 
f ig u re s  e tc. N everthe less, copies o f th e  papers from  a u d it  f i le s  w ere used 
in  th e  an a lys is  o f the  know ledge a cq u is itio n  tapes.
F in d in g s  on N a tu re  o f Problem S o lv ing
Knowledge a c q u is itio n  revea led th a t the  a u d it process depends on a v e ry  
cons ide rab le  am ount o f de ta iled  know ledge. N everthe less th e  ta s k  is  h ig h ly  
segm ented and can be considered  as n e a rly  a lg o r ith m ic  in  n a tu re . The a u d it 
m anager f i r s t  co lle c ts  basic de ta ils  on th e  p a r t ic u la r  c l ie n t  (eg size o f 
ope ra tion , lo ca tions , com pute r system s e tc) and also c o n s u lts  th e  a u d it  f i le  
fo r  th e  a u d it  p a r tn e r 's  o ve ra ll s tra te g y  fo r  the  a u d it.
U sing  these basic fa c ts  the  manager cons ide rs  each o f th e  a u d it  areas (eg 
C re d ito rs , D ebto rs, S tocks, e tc ) in  tu rn  so as to  se lect and dec ide  the  leve l 
o f s e v e r ity  o f te s ts  w h ich best f i t  the  o ve ra ll s tra te g y  and th e  p rec ise  
p h ys ica l c h a ra c te r is t ic s  o f the  f irm  and its  reco rds . A t th e  end o f th is  
p rocess the  m anager cons ide rs  w h e th e r any com bination o f fa c to rs  from  
d if fe re n t  areas (eg abnorm a lly  h igh  s tocks, h igh  d e b ts  b u t  a p p a re n tly  
normal tu rn o v e r )  make i t  necessary to  devise  any specia l te s ts  o r  
s tre n g th e n  (o r  com bine) any tes ts  from  p a r t ic u la r  a u d it  areas.
Problem  S tru c tu r in g  Props (Tools and A ids)
The a u d it  m anager uses a p re -p r in te d  form  w h ich in c lu d e s  a schedu le  o f 
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poss ib le  a u d it  te s ts  e tc. The fo rm  is  com pleted b y  the  m anager who is  
respon s ib le  f o r  f i l l in g  in  de ta ils  o f te s ts  to  be p e rfo rm e d  to g e th e r w ith  th e ir  
le ve l o f s e v e r ity . For in s tan ce  a v e ry  seve re  te s t  may in v o lv e  exam in ing  
e v e ry  re co rd  and a m in im a lly  severe te s t may ju s t  in v o lv e  a few  samples. 
The fo rm  is  o fte n  h e a v ily  annota ted  w ith  d e ta ils  o f  specia l, a b b re v ia te d  o r  
com bined te s ts . E xp lana tions fo r  the  anno ta tions  a re  u su a lly  e n te re d  on the  
fo rm  in  an a b b re v ia te d  c r y p t ic  fo rm . The fo rm  p la ys  a v e ry  s ig n if ic a n t  
ro le  in  s t ru c tu r in g  th e  a u d it m anager's p la n n in g  task  and, in  the  
im plem ented e x p e rt system , is  rep roduced  as p a r t  o f  th e  system  o u tp u t.
G eneric Data
The com pany a u d it  manual is  the  sole sou rce  o f in fo rm a tio n  used by» the  
a u d it  manager. I t  is  o n ly  v e ry  m in im ally h e lp fu l in  th e  task  and, excep t fo r  
b a ckg ro u n d  in fo rm a tio n , can be se n s ib ly  ig n o re d .
S p e c ific  Data
The 'A u d it  F ile ' o f the  com pany whose a u d it is  p lanned  is  used as a s p e c ific  
in p u t  to  th e  a u d it  p la n n in g  process. I t  con ta ins  d e ta ils  o f p re v io u s  ye a rs ' 
a u d it  schedu les, w h ich  are  sometimes used as a g u id e  to  the  c u r re n t  y e a r 's  
p lan , to g e th e r  w ith  b a ckg ro u n d  de ta ils  on th e  com pany. Sometimes also 
in c lu d e d  in  th e  f i le  a re  de ta ils  o f p re -a u d it  d iscu ss io n s  w h ich in d ic a te  any 
m a jo r changes in  th e  com pany's tra d in g  p a tte rn .
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Knowledge Sources
Separate know ledge sources can be env isaged  fo r  each o f th e  sepa ra te  a u d it 
areas. Because o f th e  low  leve l o f in te ra c t iv i ty  between areas the  
know ledge sources can be app lied  s in g ly  in  a lin e a r  p ro g re ss io n  matched to  
th e  p ro d u c tio n  o f a re p o r t.  The in te ra c t io n  know ledge source  (im plem ented 
in  the  e x p e rt system  as a "c o n c ilia to r"  module, the  term  "c o n c ilia to r "  coming 
from  use by  a u d ito rs  o f th e  w ord  "c o n c ilia t io n "  to mean re s o lu tio n  o f f in a l 
problem s between a u d ito r  and c lie n t)  is  app lied  la s t and looks fo r  p a r t ic u la r  
'dange rous ' com binations o f fa c ts  and conc lus ions from  th e  in d iv id u a l a u d it 
areas. Th is section is  im plem ented as a m iscellaneous co lle c tio n  o f fo rw a rd  
reason ing  ru le s  s e n s itiv e  to  p a r t ic u la r  com binations o f c o n d itio n s  th a t may 
be e v id e n t fo llo w in g  com ple tion o f th e  main p a r t  o f the  in fe re n c in g . Such 
ru le s  de tect, fo r  in s tance , com bina tions o f cashflow  and w o rk - in -p ro g re s s  
co n d ition s  th a t cou ld  lead th e  a u d ito r  to  be susp ic ious  o f an o the rw ise  
a p p a re n tly  so lv e n t f irm .
Open/Closed Problem
The problem  is  closed s ince  th e re  a re  o n ly  a f in ite  num ber o f a u d it te s ts  
and com binations o f te s ts  th a t  may be p lanned.
P roac tive /R eac tive  Problem
The task  is  so le ly  re a c tiv e  to  the  annual s ta tu to ry  need to  p roduce  an 
a u d it. The a u d it  m anager is  neve r p rom pted  to  u n d e rta ke  an a u d it  by, fo r  
ins tance , unusua l com binations o f f in a n c ia l symptoms from  th e  company.
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Problem  S o lv ing  A rc h ite c tu re
T h is  is  e sse n tia lly  a se ries  o f in d e p e n d e n t sea rch  tre e s  each re la ted  to  a 
s e n s ib ly  separa te  p a r t  o f the  domain. For in s ta n c e , when p la n n in g  the  p a r t  
o f an a u d it co ve rin g  a f irm 's  S tocks, th e  a u d it  m anager w ould make a p lan 
fo r  h is  s ta f f  to  examine com ple te ly d i f fe re n t  a reas o f a f irm 's  reco rds  and 
p h ys ica l s itu a tio n  from  those w h ich  he w ou ld  p lan  to  examine in  an a u d it o f 
D ebto rs o r  T rade C red ito rs .
N everthe less, a lthough  he is  p la n n in g  an e s s e n tia lly  sepa ra te  se ries  o f a u d it  
exam inations, each o f the  d if fe re n t  searches a c tu a lly  re la tes  to  the  same 
u n d e r ly in g  company. For th is  reason such m u lt ip le  in d e p e n d e n t searches 
may be preceded by th e  co llec tion  o f "g lo b a l va lu e  d a ta " w h ich  p ro v id e s  
in p u t  o f common va riab les  (eg f irm 's  t ra d in g  a c t iv i ty  and size, form  o f 
com pu te r reco rds  e tc) to  each o f th e  m u ltip le  searches. T h is  in fo rm a tio n  is  
used as a common pool fo r  the  p lans o f each d i f fe r e n t  p a r t  o f the  a u d it. 
F o r ins tance , the  fa c t th a t a f irm  is  a w holesa le  je w e l m erchan t w ill be a 
key in p u t  to  how S tocks shou ld  be assessed and w h a t is  normal fo r  Debtors 
in  th e  je w e lle ry  trad e .
S im ila rly , th e re  is  a v e ry  lim ite d  re q u ire m e n t to  make o v e ra rc h in g  in fe re n ce s  
based on the  f in d in g s  o f more than  one o f th e  m u ltip le  searches. For 
ins tance , a conclusion d u r in g  the  p la n n in g  s tage  o f th e  fu ll a u d it  th a t th e re  
was an u n u su a lly  la rg e  Trade C re d it s itu a tio n  coup led  w ith  excess ive  S tocks  
w ould p o in t to  a f irm  th a t shou ld  und e rgo  f u r t h e r  s c ru t in y  in  respec t o f 
poo r re s u lts  (ie  la rg e  s tocks  and deb ts  to  s u p p lie rs  means th a t expected 
tra d in g  had no t m ate ria lised). Such o v e ra rc h in g  in fe re n ce s  are  u sua lly  
made by  the  A u d it P a rtn e r (ie  the  person who s ig n s  the  s ta tu to ry  a u d it)  
and w ill a ffe c t the  n a tu re  o f the  p lan dev ised . However, in  p la n n in g  the
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a u d it, the  a u d it  manager m ust a n tic ip a te  w here and when such conc lus ions  
w ill be made. In  m aking h is  p lan the  a u d it manager m ust p ro v is io n a lly  
examine the  fin a n c ia l s itu a tio n  o f th e  company be ing  examined and th u s  the  
a rc h ite c tu re  o f a u d it  p la n n in g  is  m o re -o r-le ss  id e n tic a l to  a u d it  its e lf .
The f in a l o v e ra rc h in g  conc lus ions  are  rep resen ted  by  a "c o n c ilia t io n "  section 
w h ich, in  th e  f in a l A u d it W ork P lann ing  e x p e rt system  was im plem ented as 
a "c o n c ilia to r"  p a r t  o f th e  in fe re n c in g  system.
I t  is  to  be noted th a t a u d it  p la n n in g  is  an ite ra t iv e  p rocess w ith  the  
m anager o fte n  be ing  u n s a tis fie d  w ith  the  " f in a l p la n " fo r  re la t iv e ly  t r iv ia l  
reasons. He w ill then  feed back h is  f in d in g s  as data  fo r  a new p lan w h ich 
is  more lik e ly  to  be accep tab le  to  h im self and h is  A u d it  P a rtn e r.
A u d it W ork P lann ing  as de sc rib e d  above can be i l lu s tra te d  as on the  
oppos ite  page.
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OVERARCHING CONCLUSIONS - "CONCILIATION
terative
-eedback i--------
SECONDARY CONCLUSIONS
Diagrammatic R epresentation o f Problem  S o lv in g  Components
The diagram  now shows a s ig n if ic a n t change to  th e  sim ple s in g le  domain 
search il lu s tra te d  fo r  th e  p re v io u s  cases. A g lobal data  a c q u is itio n  
com ponent is  shown fe e d in g  in it ia l da ta  in to  a num ber o f sepa ra te  s u b -  
domain searches. (In  th is  and th e  fo llo w in g  cases ju s t  th re e  o r  fo u r  
m u ltip le  s u b -d o m ain s  a re  shown a lth o u g h  in  p ra c tic e  a g re a te r o r  le sse r 
num ber o f sub-dom ains may be searched .)
In  th is  example a ll sub-dom ain  searches are  in d e p e n d e n t, w ith  no in te r -s u b ­
domain re fe rences  (eg th e re  is  no re q u ire m e n t when p la n n in g  a S tocks a u d it 
to  re fe r  to  any in it ia l o r  in fe r re d  in fo rm a tio n  ab o u t D ebto rs), le ad ing  to
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separa te  p r im a ry  conclus ions. As exp la ined above the  outcomes o f the  
separa ted  searches may lead to  some "L im ite d  O ve ra rch in g  C onclus ions" 
w h ich  are  shown as a com ponent on the  d iagram . A feedback  loop leads 
from  such o v e ra rc h in g  conc lus ions back to  th e  in it ia l p rob lem  data  to 
fa c il ita te  ite ra t iv e  problem  s o lv in g .
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M u ltip le  Simple Search w ith  L im ited  O v e ra rc h in g  (C o n c ilia to r)  F in d in g s
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I te ra t iv e  Feedback
Commercial Im plem entation Details
The system  was im plem ented as "E x p e rte s t"  u s in g  a re -w r it te n  ve rs io n  o f 
Qshell, an in -h o u se  L isp -based  Coopers & L y b ra n d  she ll w ith  p a r t ic u la r  
fa c il it ie s  fo r  p ro v id in g  fu lly - fo rm a tte d  re p o rts . The system  was d e live re d  
on a p o rta b le  IBM -com patib le  PC fo r  f ie ld  usage. V ery  cons ide rab le  
in g e n u ity  was re q u ire d  by the  a u th o r 's  co lleagues to  d e liv e r  th e  system 
w ith in  th e  lim ite d  ha rdw are  en v iro n m e n t re q u ire d .
The system  was com m ercia lly v e ry  successfu l and has remained in  use ove r 
a lo n g  pe rio d . I t  is  th e re fo re  use fu l to  co n s id e r th e  fo llo w in g  fa c to rs  which 
were p r in c ip a lly  re le v a n t to its  success.
I t  was d i f f ic u l t  and tim e-consum ing to  sell the  sys tem  concep t to  th e  sen io r 
a u d it  p a r tn e r  bu t, once the  a u th o r had h is  " b u y  in " ,  he was w ill in g  to
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persuade all th e  o th e r  key a u d it  s ta f f  th a t the  system  shou ld  be 
co n s tru c te d  and p u t  fu l ly  in to  o p e ra tion . Th is  ensu red  th a t  b u d g e t was
, t
ava ilab le  fo r  the  whole p ro je c t and th a t the  tim e o f th e  key a u d it  e xp e rts  
was made ava ilab le .
System d e liv e ry  issues w ere v ita l and were the  p r in c ip a l key to  th e  e x p e rt 
sys tem 's  success and w idesca le usage. The system was to  be used by  a u d it  
managers w o rk in g  " in  th e  f ie ld "  a t th e  s ites  o f a u d it c lie n ts . A ll such s ta f f  
c a rr ie d  p o rtab les  PCs fo r  ro u t in e  sp readshee t and w o rd  p ro ce ss in g  usage. 
The system  had to  be d e liv e re d  "h a rd w a re  cost fre e "  on these  machines i f  
i t  were to s tand  any chance o f wi descale adoption. ( In  th e  e v e n t some o f 
the  ta rg e t machines re q u ire d  a memory upgrade  to ru n  th e  e x p e rt system  
b u t th is  in c rem en ta l cost was in s u f f ic ie n t  to  p re v e n t th e  p ro je c t  go ing  
ahead.)
The system had to  be v e ry  u s e r - f r ie n d ly  and pose its  q u e s tio n s  to  the  use r 
in  a fa m ilia r fo rm . A u d it m anagers t ra d it io n a lly  f i l l  in  a an o n -s ite  fo rm  
w h ich they  take  back to  th e ir  a u d it  p a rtn e rs  (ie sen io r m anagers) to  p lan 
the  a ud it. The e x p e rt system  had to  allow managers to  answ er s im ila r 
questions to  those on th e  e x is tin g  fo rm  and to  t ic k  boxes in  th e  tra d it io n a l 
way.
The system o u tp u t  had to  be a well p r in te d  and fo rm a tte d  a u d it  p lan. 
T ra d it io n a lly  a u d it  p a r tn e rs  w ould p re p a re  a d ra f t  p lan in  n e a r ly - i l le g ib le  
h a n d w rit in g  w h ich  a s e c re ta ry  w ould tra n s fo rm  in to  an e le g a n t docum ent fo r  
d iscuss ion  and agreem ent w ith  th e  c lie n t. The e xp e rt system  had to  p re p a re  
exac tly  the same docum ent w h ich  was "s ig ned  o f f"  by  bo th  th e  c lie n t and 
the  s ta f f  concerned  w ith  th e  a u d it. Cosmetic de ta ils  o f appearance (eg how 
i t  shou ld  be s igned  and th e  exact te x t in  accordance w ith  a u d it in g
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s ta n d a rd s ) were g iven  g re a t a tte n tio n .
The system  produced  a paper based f in a l a u d it  re p o r t  and, v e ry  s tra n g e ly , 
th e  system  was no t fu l ly  accepted by  a ll s e n io r s ta f f  u n t il i t  p roduced  
o u tp u t on exac tly  the  same ye llow  co lou red  pa p e r as was used fo r  the  
t ra d it io n a lly  ty p e d  re p o rts . Even more p e c u lia r  was th e  fa c t th a t, once the  
system  had been w id e ly  accepted, the  a u d it  p a r tn e rs  committee were so 
en thuse d  w ith  e x p e rt system  p la n n in g  o f a u d its  th a t th e y  changed th e  
co lo u r o f th e  paper to  g reen . The re s u lt  was th a t  a u d it f ile s  then  had a 
green s tre a k  i f  v iewed from  the  edge ( ra th e r  than  the  tra d it io n a l ye llow ) 
and th is  was rega rded  as a s ign  o f p ro g re s s  and to  be adm ired.
In  sum m ary, a f te r  a v e ry  d i f f ic u l t  " s e ll"  s u p p o rte d  by  a f r ie n d ly  " in s id e  
cham pion" th is  system  was accepted b y  th e  a u d it  b u re a u c ra cy  who 
e v e n tu a lly  fu l ly  adopted i t  as th e ir  own and em bellished i t  w ith  th e  
tra d it io n a l tra p p in g s  o f th e ir  tra d e .
A d d itio n a l Comments
The E xp e rte s t im plem entation and the  e f fo r t  th a t  was in v o lv e d  in  i t  
dem onstra ted  th a t com petent e x p e rt system s o fte n  re q u ire  more w o rk  on th e  
p e r ip h e ra l d e liv e ry  fe a tu re s , such as in te r fa c in g  and perfo rm ance  
enhancem ent, than  the  core  e f fo r ts  on know ledge a c q u is itio n , a n a ly s is  and  
know ledge base im plem entation.
81
I n v e s t i g a t i o n s  o f  O c c u p a t io n a l  P r o b l e m  S o l v i n g
82
I n v e s t ig a t io n s  o f  O ccuri\t io n a l  P roblem  S o l v in g
3.6 BUSINESS PERFORMANCE ASSESSMENT
S ponso ring  O rgan isa tion
The com m ercial aspects o f th is  in v e s tig a tio n  and th e  subse quen t su cce ss fu l 
im p lem enta tion  were sponsored  by the  D epartm ent o f Health.
In tro d u c tio n
G overnm ent dep a rtm en ts  and la rg e  commercial o rg a n isa tio n s  o fte n  s u f fe r  
from  th e  in a b i l i t y  to respond  q u ic k ly  to  bus iness p rob lem s and o p p o r tu n it ie s  
o c c u rr in g  a t th e ir  many g e o g ra p h ica lly  d is tr ib u te d  o p e ra tin g  s ites . F u r th e r , 
in  such la rg e  o rg a n isa tio n s , the  q u a lity  o f dec is ion  m akers is  u s u a lly  h igh  
a t th e  h e a d q u a rte rs  o f th e  o rgan isa tion  (and p e rha ps  a t some reg iona l 
ce n tre s ) b u t  th e re  is  u sua lly  less a b il i ty  and experience  a t the  
o rg a n is a tio n 's  p e r ip h e ry . N everthe less, i t  is  a t th e  remote p e r ip h e ry  th a t 
th e  o rg a n is a tio n 's  e ve n tu a l p ro f it ,  loss o r  use fu lness  is  a c tu a lly  decided .
In  th is  in v e s tig a tio n  th e  Departm ent o f Health had an e s ta b lish e d  
"p e rfo rm a n ce  re v ie w " p ro ce d u re  w here  local dec is ions  w ere a n n u a lly  
rev iew ed  b y  h e a d q u a rte rs  expe rts . A se ries  o f "pe rfo rm a n ce  in d ic a to r  
ra tio s "  c o v e r in g  such aspects  as s ta ff in g  ra tio s  had been e s ta b lish e d  to  
enable the  h e a d q u a rte rs  e xp e rts  to u n d e rta k e  th e ir  ta s k  w ith o u t p rob lem s 
a r is in g  from  th e  abso lu te  s ize  o f th e  u n d e r ly in g  f ig u re s . On th is  basis i t  
was be lie ved  poss ib le  to  com pare the  e ffic ie n c y  o f Health Areas w h ich  had 
d if fe re n t  pop u la tion  sizes.
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F u rth e r , v e ry  able s ta f f  in  th e  D epartm ent's  OR D epartm ent had a ttem pted 
to  c o n s tru c t a decis ion tre e , based on eva lua tio n  o f th e  perfo rm ance  
in d ic a to r  ra tios , in  an a tte m p t to  "au tom ate" (on pape r a t le as t) the  
eva lua tion  process o f the  h e a d q u a rte rs  e xp e rts . The re q u ire m e n t fo r  an 
e x p e rt system was in it ia te d  when i t  was rea lised  th a t th e  e x p e rtis e  in v o lv e d  
cou ld  no t be se t down as a sim ple pape r-based  decis ion tree .
The e x p e rt system  re q u ire d , and f in a l ly  su p p lie d , enabled a ra p id  eva lua tion  
o f th e  perfo rm ance o f any ope ra tiona l u n it  in  com parison w ith  the  
perfo rm ance  o f a ll o th e r s im ila r u n its  th ro u g h o u t England & Wales.
A u th o r 's  Role
The a u th o r developed the  concep t and o u tlin e  des ign  fo r  the  e x p e rt system  
and u n d e rtoo k  th e  in it ia l fe a s ib il ity  s tu d ie s  and know ledge a cq u is itio n . 
N everthe less, a ltho ugh  m anageria lly  respons ib le , he re lin q u is h e d  d a y - to -d a y  
in vo lve m e n t in  th e  m ajor im p lem enta tion  e f fo r t  w h ich  re s u lte d  in  the  f in a l 
e x p e rt system.
O u tline  Task D escrip tion
The ta s k , w h ich  in  its  o r ig in a l fo rm  lo o k  m any h o u rs , was u n d e rta k e n  by  
perfo rm ance  an a lys ts  and in v o lv e d  a th o ro u g h  ana lys is  o f re la te d  g roup s  o f 
perfo rm ance  in d ic a to r  ra tio s  fo llow ed by  the  w r it in g  o f a de ta iled  re p o rt. 
The re p o r t  covered a se ries  o f to p ics  (eg personne l, b u ild in g s , se rv ice s  e tc ) 
a ll re la ted  to  perfo rm ance  and then  a ttem pted a g loba l conc lus ion  where 
common fa c to rs  w ere h ig h lig h te d  from  th e  s p e c ia lis t top ics .
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Form o f In v e s tig a tio n
The ta s k  was a lrea dy  well unde rs tood  b y  th e  OR e x p e rt  who had a ttem pted  
th e  conven tiona l in v e s tig a tio n  o f th e  e x p e rt a n a ly s ts ' task. For reasons o f 
exped iency, and a w ish to  co -ope ra te  w ith  and t ra in  th e  OR e x p e rt in  e x p e rt 
system s techn iques, the  OR e x p e rt was used as a s u b s t itu te  fo r  th e  actua l 
a n a ly s ts  who p repa red  th e  re p o rt. T h is  " v ic a r io u s  know ledge a c q u is it io n "  
w o rked  extrem e ly  well and i t  was no t u n t i l  a la te r  re v is io n  o f the  
im plem ented system  th a t a n a ly s t e x p e rts  w ere  in v o lv e d  to  any app re c iab le  
e x te n t.
A p i lo t  im plem entation was commenced b e fo re  com ple tion  o f know ledge 
a c q u is itio n  fo r  p ro o f o f concep t and fu n d in g  reasons.
F in d in g s  on N ature o f Problem S o lv ing
A lth o u g h  i t  had not been possib le  to  exp ress  th e  problem  s o lv in g  as a 
pap e r-ba sed  decis ion tre e , th e re  is  l i t t le  d o u b t th a t  th e  problem  so lv in g , as 
deve loped by the  human expe rts , is  alm ost e n t ir e ly  a lg o rith m ic . Th is  may 
be because, as a gove rnm en t departm en t, i t  was necessary  to  c o n s tru c t any 
re p o r ts  on a log ica l basis fo r  the  pu rposes  o f p u b lic  a c c o u n ta b ility  and 
fa irn e s s .
A ny " c r e a t iv ity "  in  the  decis ion m aking seems to  have been re s tr ic te d  to  the  
cho ice  o f te x t fo r  the  re p o r t  and, to  some e x te n t, to  th e  p o in ts  emphasised 
in  th e  g lobal conclusion section .
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Problem S tru c tu r in g  P rops (Tools and  Aids)
The task  was conducted  on a v e ry  m ethodical and lo g ica l basis w ith  
cons ide rab le  access to  re p o r ts  and s ta n d a rd s  fo r  pe rfo rm an ce  in d ic a to r  
ra tios . The p r im a ry  p ro p  appears to  be the  w e ll-e s ta b lish e d  fo rm  o f the  
fin a l re p o r t  w h ich  seems to  have been the  goal and o rg a n is in g  s t ru c tu re  to  
which a ll th e  b o ttom -up  a n a lys is  was d irec ted .
The flo w c h a rts , dev ised  p r im a r ily  b y  the  OR exp e rt, appeared to  be based 
on fra g m e n ts  o f f lo w c h a rts  used b y  th e  ana lys ts  them selves and these may 
them selves be cons ide red  as low le ve l p rops  to  problem  s o lv in g . I t  was 
in te re s t in g  to  note  th a t  th e  a n a ly s ts ' f lo w c h a rt fra g m e n ts  w ere  used as 
ro u tin e  a ids to  c o n s tru c t th e  de ta iled  f in d in g s  fo r  th e  re p o r t  and th a t 
these, in  tu rn  and w ith o u t th e  use o f any e x p lic it  f lo w c h a rt, w ere  used to  
c o n s tru c t th e  o v e ra ll conc lus ions.
Generic Data
Perform ance in d ic a to r  re la tio n s h ip  ch a rts , devised by  e x te rn a l p ro fess io na l 
ad v ise rs , w ere th e  p r im a ry  source  o f gen e ric  data  to s u p p o r t  in d iv id u a l case 
analyses. S ta n d a rd  ta rg e ts  fo r  perfo rm ance  in d ic a to r  ra tio s , also e x te rn a lly  
set, were also em ployed. Again, as described  above, these  p re s c r ib e d  
re la tio n s h ip s  and ta rg e ts  w ere used on an almost m echanical basis to  
c o n s tru c t th e  de ta iled  f in d in g s  o f the  re p o rts .
S pec ific  Data
For each ana lyzed o pe ra tiona l u n it, th e re  was a se t o f pe rfo rm an ce  in d ic a to r  
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data p lus  access to  th e  p re v io u s  y e a r 's  da ta  fo r  com parison pu rposes. T h is  
data was all held on sp readshee t f ile s .
Knowledge Sources
I t  is  no t re a lis t ic  to  c o n s id e r th e  ta sk  know ledge as separa te  know ledge 
sources since, a lth o u g h  th e  ana lys is  co ve rs  d if fe re n t  sub -dom a ins  o f 
ope ra tiona l perfo rm ance , th e  same a n a ly tic a l e x p e rtis e  is  em ployed fo r  a ll 
sub-dom ains.
The co n c lu d in g  a n a lys is  is  s im ila r ly  h e a v ily  in te g ra te d  w ith  the  sub-dom ain  
analyses and th e  know ledge in v o lv e d  is  e s s e n tia lly  s im ila r to  th a t  used fo r  
ana lys is  o f th e  sub-dom ains.
Open/C losed Problem
The problem  is  closed w ith  no p o s s ib ility  o f nove l s itu a tio n s  o c c u rr in g . 
In p u t  perfo rm ance  in d ic a to r  ra tio s  can v a ry  w id e ly  b u t are  reduced to  
f ig u re s  in  the  range  0%-100% in  p e rc e n tile  com parison w ith  o th e r  ope ra tiona l 
u n its . Range va lues fo r  th re e  ranges (H igh , Medium and Low) w ith in  th e  
0%-100% band are se t and no com bination o f in p u ts  can be o u ts id e  these 
ranges. A c c o rd in g ly  th e r e  is  a  la rg e  b u t  f in i te  se t o f possib le  com bina tions 
o f ra tio s . S ince ra tio s  a re  o n ly  assessed in  com pa ra tive ly  small g ro u p s  
th e re  is  no chance o f m assive com b ina to ria l e ffe c ts  and all e v e n tu a lit ie s  can 
be covered.
87
I n v e s t i g a t i o n s  o f  O c c u p a t io n a l  P r o b l e m  S o l v i n g
P ro ac tiv e /R eac tiv e  Problem
The ta s k  is  p ro a c tiv e  to  Departm ental need to  re p o r t. In  p ra c tic e  i t  is  
re a c tiv e  to  th e  need to  ana lyze incom ing se ts  o f data  re q u e s te d  by  the  
departm en t.
Problem S o lv ing  A rc h ite c tu re
As in  A u d it  W ork P lann ing the  e xp e rts  fo r  th is  ty p e  o f ta s k  a lso u n d e rta ke  
a se ries  o f m o re -o r-le ss  in d e p e n d e n t searches (b e s t cons ide red  as 
"a n a ly s e s ") in  d if fe re n t  areas o f the  domain. For in s ta n ce , in  Business 
Perform ance Assessment the  domain was n a tu ra lly  s u b d iv id e d  in to  a series 
o f d if fe re n t  hea lth  care d is c ip lin e s  (eg Cardiac, O b s te tr ics , P s y c h ia tr ic  e tc) 
and th e  "b u s in e ss  pe rfo rm ance" in  these sub-dom a ins was sepa ra te ly  
assessed. However in  A u d it W ork P lann ing  th e  re s u lts  o f th e  sub-dom ain 
ana lyses, th e  p r im a ry  conclusions, were the  most im p o rta n t o u tp u t  o f the  
task . The secondary  conclusions, as a re s u lt  o f "c o n c ilia t io n "  w ere o f an 
o p p o r tu n is t ic  k in d  and o f genu ine  secondary  im portance .
In  Business Perform ance Assessment the  re ve rse  is  t ru e . The p rim a ry  
conc lus ions  have on ly  lim ite d  va lue in  iso la tio n  and are  p r im a r ily  used as 
the  "b u ild in g  b lo ck " ev idence fo r  the  secondary  con c lu s io n s . Such 
secondary  conclusions, w h ich deal w ith  m a jo r "g lo b a l to p ic s "  such as 
p ro fess io na l s ta f f  to  manual s ta f f  w o rk in g  ra tio s , fu n d in g  le v e ls , custom er 
s e rv ic e  perfo rm ance  e tc are based on a summation o f th e  e v id e n ce  found  in  
the  in d iv id u a l sub-dom ains. In  fa c t th e re  is  cons ide rab le  s im ila r ity  between 
th e  f in d in g s  in  th e  in d iv id u a l sub-dom ains. They a re  o n ly  ana lyzed in  
iso la tio n  s ince  th e ir  in d iv id u a l c h a ra c te r is t ic s  do no t make i t  p o ss ib le  to  sum
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th e  com plete "b u s in e s s " in  one stage. The p rob lem  s o lv in g  is  th u s  
de scrib ed  as "M u lt ip le  Simple Search w ith  S econda ry  G rand C onc lus ions".
Thus " le ve l o f custom er s e rv ic e " in  a medical u n it  w ould  be d e r iv e d  from  
s ta tis t ic s  based on, fo r  ins tance , le n g th  o f w a it in g  tim e fo r  n o n -e s s e n tia l 
ope ra tions  (eg va ricose  ve in s ). In  a g e r ia tr ic  sub -dom ain  " le v e l o f custom er 
s e rv ic e "  is  re la te d  to  th e  a v a ila b ility  o f home n u rses  fo r  e ld e r ly  pe rsons 
l iv in g  a t home. These d if fe re n t  "bas ic  in p u ts "  cann o t be "sum m ed" so i t  is  
necessary to  com plete each sub-dom ain a n a lys is  se p a ra te ly . However the  
conc lus ions  a re  in  th e  same form  and, as a lre a d y  s ta te d , can be com bined 
to fo rm  th e  . seconda ry  general conc lus ions . In  e x p e rt system s
im plem enta tion  te rm s th e  com bination is  be s t ach ieved  b y  fo rw a rd  ch a in in g  
in fe re n ce . The re s u lta n t secondary conc lus ions a re  th e  im p o rta n t bus iness 
perfo rm ance  in d ic a to rs  s o u g h t as th e  o u tp u t fo r  th is  ty p e  o f ta s k .
In  Business Perform ance Assessment i ts e lf  th e re  is  a f u r th e r  le v e l of. in it ia l 
in p u t  data  a n a lys is  n o t necessarily  a lways fo u n d  in  th is  ty p e  o f ta sk . ^ The 
in it ia l in p u t  to  th e  sub-dom ain  analyses depends on a m echan is tic  ca lcu la tio n  
o f a se ries  o f pe rfo rm ance  in d ic a to rs  on w h ich  sub-dom ain  pe rfo rm an ce  
ana lys is  is  based. Such in d ic a to rs  were s im ple ra tio s  such as those  d e riv e d  
by  d iv id in g  num ber o f o b s te tr ic  su rgeons b y  num ber o f m idw ives. These 
ca lcu la tions  a re  no t re le v a n t to the  p r im a ry  o r  seconda ry  conc lus ions  b u t  
a re  re q u ire d  to  cancel o u t any e ffe c ts  due to  s ize o f bus iness  fu n c tio n  
cons ide red  in  th e  a n a ly s is .
M u ltip le  S imple Search w ith  Secondary G rand C onclusion can be re p re se n te d  
as shown on th e  next page.
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Diagrammatic R ep resen ta tio n  of Problem Solving Com ponents
Business Perform ance Assessm ent has a s im ila r re p re s e n ta tio n  to  A u d it  W ork 
P lann ing  excep t th a t th e  S econdary Conclusion are  term ed "G ra n d " and a re  
the  p r im a ry  re s u lt  o f p rob lem  so lv in g  ra th e r  than  th e  "L im ite d "  seconda ry  
C onclusions fo r  A u d it W ork P lann ing. F u r th e r ,  once the  a n a lys is  is  
com pleted, th e re  is  no fu r t h e r  feedback o r  ite ra t io n  as w ith  A u d it  W ork 
P lann ing .
M u ltip le  Simple Search w ith  Secondary G rand Conclusions
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Conclusions
Commercial Im p lem enta tion  Details
The system  was im plem ented on a s ta n d a rd  PC so as to  be w id e ly  usab le a t 
rem ote o ffic e  s ites. C ry s ta l 3 was used to  s u p p o r t  th e  im plem enta tion  w ith  
heavy usage o f in te r fa c e s  to  Lotus 1 -2 -3  w h ich  was used to  s to re  the  mass 
o f pe rfo rm ance  in d ic a to r  data.
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The im p lem enta tion  was unusual in  th a t, a p a rt from  use r in te ra c t io n  to  se lect 
f i le  da ta  fo r  ana lys is , se t ce rta in  th re s h o ld  va lues and name th e  f i le  to  hold 
th e  re p o r t,  th e  system  ran e n t ire ly  in  batch mode w ith  no in te ra c t io n  from  
th e  user. Thus, once data fo r  ana lys is  had been se lected , th e  system  
proceeded au tom a tica lly  to  the  p o in t w here the  re s u lta n t re p o r t  was copied 
to  f ile .
T h is  use o f ba tch  e x p e rt systems, and its  extension to  p a r t ia l ly  in te ra c t iv e  
system s, is  cons ide red  fu r th e r  fo llo w in g  th is  section .
F o llow ing  dep loym en t to  the  f ie ld , th is  system  became re a lly  su ccess fu l fo r  
reasons n e ve r a n tic ip a te d  in  the o r ig in a l proposal o r  s p o n so rsh ip .
In  th e  tim e be fo re  hosp ita l t ru s ts  etc, the  m anagers o f D is tr ic t  Health 
A u th o r it ie s  w ere re q u ire d  to  subm it masses o f p e rfo rm an ce  in d ic a to r  
s ta t is t ic s  (eg num ber o f m idw ives p e r 1000 liv e  b ir th s ,  num ber o f e ld e r ly  
pe rsons  in  re s id e n tia l care  p e r 1000 pop u la tion ) to  th e  D epartm ent o f Health 
and these w ere la b o r io u s ly  analyzed so th a t an annua l, in c lu d in g  de ta iled  
recom m endations to  the  A u th o r ity , cou ld  be p re p a re d  fo r  th e  M in is te r  on 
each A u th o r ity .
As a lre a d y  d escrib ed , the  system opera ted  in  ba tch  mode and p roduced  a 
w e ll- fo rm a tte d  p r in te d  re p o rt. The q u a lity  o f such re p o r ts  was so good th a t 
some se n io r D epartm ent o f Health s ta f f  were no t aware th a t  th e y  had been 
p re p a re d  b y  th e  e x p e rt system. As w ith  o th e r system s d e s c rib e d  above (eg 
A u d it  W ork P lann ing ) p resen ta tion  o f o u tp u t in  a fa m ilia r  fo rm  was v e ry  
im p o rta n t fo r  success fu l adoption by  the  User com m unity.
Once the  re p o r t  had been considered by  the  M in is te r, and th e  A u th o r ity  
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m anager c r it ic is e d  o r  co n g ra tu la te d , th e  re p o r t  was s e n t back to  th e  
A u th o r ity  w here  i t s  adv ice  was used to  im p ro ve  the  A u th o r ity 's  pe rfo rm ance .
Once th e  e x p e rt system  had become es tab lishe d  in  use b y  th e  Health 
A u th o r it ie s  ( p a r t ly  as a re s u lt  o f p u b lic ity  by  th e  e x p e rt system  sh e ll 
p ro v id e rs )  th e re  was a demand by local m anagers to  use th e  system  lo c a lly  
ra th e r  than  w a it fo r  up to  a yea r fo r  p o te n tia l c r it ic is m  and adv ice . As a 
re s u lt  many copies o f th e  system  were sold and used on a re g u la r  basis b y  
m anagers to  " tu n e  u p " th e ir  perfo rm ance ra th e r  than  w a it fo r  th e  annua l 
re p o r t  to  th e  M in is te r. The net re s u lt  was th a t  th e  a d v is o ry  feedback loop 
to  each A u th o r ity  was made fa r  more respon s ive  bo th  in  te rm s o f fre q u e n c y  
o f feedback and tim e to  g e t advice  on each occasion.
Thus, in  sum m ary, th e  pu rpose  o f the  system  changed from  be ing  so le ly  a 
se n io r management annual perfo rm ance m o n ito r in g  aid to  a d d it io n a lly  be ing  
a " re a l- t im e "  decis ion s u p p o r t system  to  th e  m anagers whose pe rfo rm ance  
was in i t ia l ly  be ing  m onitored.
Batch P rocess ing  E xp e rt Systems
As exp la ined  above the  im plem ented system  was e n t ire ly  da ta  d r iv e n  w ith  no 
re q u ire d  in te ra c t io n  from  the  human user. S ince th e  da ta  from  a num ber 
o f Health A u th o r it ie s  was analyzed, and re p o rte d  in  a ba tch , th is  system  
cou ld  th e re fo re  be classed as a "b a tch  p rocess ing  e x p e rt sys tem ". M any 
s im ila r system  can be envisaged. For in s tance , th e  a u th o r  has a c u r re n t  
in te re s t  in  a m ajor e x p e rt system w h ich scans bank re c o rd s  lo o k in g  fo r  
s ig n s  o f m u lt i- tra n s a c tio n  fra u d  o r o th e r  s e c u r ity  p rob lem s. A n o th e r 
c u r re n t  ba tch  p rocess ing  e x p e rt system  des igns  f in a n c ia l p o r tfo lio s  fo r
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c lie n ts  whose persona l d e ta ils  and f in a n c ia l r is k  c h a ra c te r is t ic s  a re  reco rded  
in  a database.
In  th e  case o f th e  system  described  above, and p o ss ib ly  fo r  o th e r  s im ila r 
system s, th e re  can be ra d ica l ex tens ions o f perfo rm ance and " in s ig h tfu ln e s s "  
o f the  re p o rts  i f  some allowance fo r  user in te ra c tio n  can be made.
For ins tance , no t a ll prob lem  data  can be reduced to  a database fo rm a t. 
Thus, in  the  above ta s k  th e re  was no way o f encod ing  an o p e ra tio n a l u n it 's  
o b je c tiv e  fo r  g ro w th  (w h ich  m igh t g iv e  an adverse  e ffe c t on c u r re n t  ye a r 
f ig u re s )  o r  fo r  "e x c u s in g " bad perfo rm ance  due to damage o f b u ild in g s  b y  
floods o r  m a jo r s ta f f  absence due to  epidem ics. S im ila r ly , some data  may 
o n ly  re q u ire d  in  a p a r t ic u la r  problem  s itu a tio n  and to  c o lle c t i t  on a ro u tin e  
basis would be g ro s s ly  in e ff ic ie n t.  N everthe less, i f  such a p rob lem  s itu a tio n  
is  recogn ised, th e  system  can re q u e s t in p u t  o f the  e x tra  da ta  to  com plete 
an in -d e p th  ana lys is .
In  such cases th e re  is  a re q u ire m e n t fo r  the  e x p e rt system  to  ta ke  the  
ana lys is  o f th e  da ta  to  exhaustion  and, where an excep tion  is  noted 
p o te n tia lly  fo r  th e  p u rpo se  o f the  re p o r t, to co nd uc t a d ia g n o s tic  w ith  the  
use r to  de te rm ine  th e  cause o f th e  exception and, w here  poss ib le , o f fe r  
use fu l adv ice  fo r  th e  fu tu re .  In  fa c t, in  a la te r  im p lem enta tion  o f th e  above 
system , fo r  w h ich  th e  a u th o r had v e ry  l i t t le  personal in v o lv e m e n t b u t  fo r  
w h ich he made des ign  suggestions , th is  in te ra c t iv e  e lem ent was in c o rp o ra te d  
w ith  a real in c rea se  in  u t i l i t y  o f th e  ove ra ll e x p e rt system .
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3.7 MULTINATIONAL TAX PLANNING
S ponsoring  O rgan isa tion
The commercial in v e s tig a tio n  and im plem enta tion  associated w ith  th e  research  
on th is  ta sk  was sponsored  b y  a m ajor chem ical com pany.
In tro d u c tio n
The decis ion to  p u rs u e  th is  genera l a p p lica tio n  area arose o u t o f th e  
a u th o r 's  w ish to  a tte m p t to  u n d e rs ta n d  a re p re s e n ta tiv e  area o f complex 
sen io r m anagerial dec is ion  m aking. In  com mercial te rm s the  in v e s tig a t io n  
was an a tte m p t to  deve lop  a saleable g en e ric  " h ig h - le v e l"  f in a n c ia l e x p e rt 
system s app lica tion  th a t  cou ld  be p ro f ita b ly  ta ilo re d  to  th e  needs o f 
in d iv id u a l m ajor c o rp o ra te  c lie n ts . In  the  e v e n t th e  s p e c ific  sponsored  
p ro je c t and e x p e rt system  s t i l l  in  use a re  s u b je c t to  m ajor com mercial 
c o n fid e n tia lity  co n s id e ra tio n s . As a re s u lt  th e  m ate ria l re p o rte d  in  th is  
thes is  re p re se n ts  o n ly  p a r t  o f th e  research  outcom e o f a v e ry  w o rth w h ile  
p ro je c t and the  a u th o r 's  des ire  to  p roduce  a g e n e ric  ta ilo ra b le  system  was 
not possib le  due to  th e  success and re s u lta n t com mercial c o n f id e n t ia l ity  o f 
the  sp e c ific  in it ia l a p p lica tio n .
The choice o f the  s p e c if ic  a p p lica tio n  area arose because o f th e  a v a ila b il ity  
bo th  o f commercial fu n d in g  and f i r s t - r a te  domain e x p e rtise  in  m u ltin a tio n a l 
taxa tion . O the r s im ila r a p p lica tio n s  cons ide red  In c lu d e d , fo r  in s ta n ce , the  
commercial decis ion m aking  in v o lv e d  in  t ra n s fe r  p r ic in g  and m a rk e tin g  in  
m u ltina tiona ls .
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Large m u ltin a tio n a l c o rp o ra tio n s  c o n s is t o f a g ro u p  o f com panies, fu l ly  o r  
p a r t ly  owned, held in  m u lti-s ta g e  h ie ra rch ica l o w n e rsh ip  re la tio n s h ip s . I t  
is  u su a lly  th e  o b je c tiv e  o f the  p a re n t company to  b r in g  d iv id e n d s  back to 
the  "hom e" c o u n try  w ith  minimal o v e ra ll losses due to  taxa tion .
The e xp e rtise  o f th e  co rp o ra te  m u ltin a tio n a l taxa tion  sp e c ia lis t, w h ich  was 
o u r  p r im a ry  in te re s t  here, is  used to  adv ise  the  c o rp o ra te  tre a s u re r  on how 
th is  optim um  tax  pos ition  m igh t be achieved. The re s u lta n t commercial 
e x p e rt system  im plem enta tion , MNCT, is  a m ajor commercial im p lem enta tion  o f 
such e x p e rtise  and p ro v id e s  a tool to  ass is t th e  ta xa tion  s p e c ia lis t in  h is 
v e ry  complex task .
A u th o r 's  Role
A p a rt from  d ire c t  p ro je c t management o f the  im p lem enta tion  team, the  
a u th o r 's  ro le  was in  bo th  p ilo t  and extended know ledge a c q u is itio n , ana lys is  
and MNCT system  fu n c tio n a l design. The actual im p lem enta tion  and system  
des ign , in c lu d in g  much in n o v a tiv e  use r in te r fa c e  w o rk  was u n d e rta k e n  in  
L isp on Sym bolics ha rdw a re  p r im a r ily  by  Malcolm West and P e te r R ichards. 
Both were then  co lleagues o f the  a u th o r when a t Coopers & L y b ra n d . The 
im plem enta tion  w o rk  is  no t d ire c t ly  re p o rte d  in  th is  th e s is .
O u tline  Task D e scrip tion
M u ltin a tio n a l c o rp o ra tio n s  evo lve  and g row  o ve r time. Such g ro w th  may be 
o rg a n ic , w here  p a r ts  o f th e  o rgan isa tion  expand as a re s u lt  o f bus iness 
success o r  expansion o f m arke t demand. A lte rn a tiv e ly  g ro w th  may be by
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a c q u is itio n  o r  m erger. A t any one tim e th e  c o rp o ra te  ta x  s p e c ia lis t faces an 
e x is tin g  c o rp o ra te  s t ru c tu re  w h ich, to  a la rg e  ex ten t, is  th e  p ro d u c t o f th e  
h is to r ic a l g ro w th  o f the  o rg an isa tion .
The tax s p e c ia lis t has an ongoing d u ty  to  f in d  ways o f o p tim is in g  th e  
o v e ra ll tax  b u rd e n  to  th e  co rp o ra tio n  and also, on a "p e r  occas ion" basis, 
to recommend the  tax optim um  ho ld ing  re la tio n s h ip s  o f new a c q u is itio n s  to  
th e  c o rp o ra tio n .
Thus, in  th is  la t te r  ro le , th e  tax sp e c ia lis t is  d r iv e n  bo th  b y  th e  ongo ing  
tax m in im isa tion  goal and th e  sp e c ific  c ircum stances  tr ig g e re d  b y  the  need 
to  "s lo t  in "  a new com pany in to  the  o v e ra ll co rp o ra te  s tru c tu re .
Form o f In v e s tig a tio n
M u ltin a tio n a l taxa tion  is  a v e ry  specia lised and com plex domain well away 
from  th e  a u th o r 's  own e xp e rtise . The e x p e rts  in  th is  area a re  u su a lly  v e ry  
sen io r in  th e ir  companies. T h e ir leve l o f persona l e x p e rtis e  is  p ro b a b ly  
h ig h e r  than  any o f the  o th e r  expe rts  w ith  whom th e  a u th o r  has w o rked .
For th is  reason a lo n g e r than  usual pe rio d  o f persona l fa m ilia r is a tio n  was 
necessary be fo re  co n d u c tin g  the  in it ia l know ledge a c q u is itio n . T h is  
fa m ilia r is a tio n  took the  fo rm  o f a series  o f c o n v e rs a tio n s  w ith  s e n io r  ta x  
sp e c ia lis ts  to g e th e r  w ith  s tu d y  o f books on m u ltin a tio n a l taxa tion .
Fo llow ing fa m ilia r is a tio n  w ith  the  domain th e  f i r s t  sessions w ith  th e  
co rp o ra tio n  taxa tion  e x p e rt were conducted . The ta xa tion  p e c u lia r it ie s  o f 
d if fe re n t  m u ltin a tio n a ls  v a ry  w ide ly  and a re  v e ry  much a re fle c tio n  o f th e
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global s t ru c tu re  and t ra d in g  p a tte rn s  o f the  o rg a n isa tio n . .
As a re s u lt  the  know ledge a c q u is itio n  und e rtaken  w ith  th e  in it ia l e x p e rt was 
h e a v ily  biased tow a rd  th e  s p e c ific  c h a ra c te r is tic s  o f th e  o rg a n isa tio n . 
N everthe less, as a re s u lt  o f subsequen t know ledge a c q u is itio n  w ith  tw o 
fu r th e r  tax  sp e c ia lis ts  from  o th e r  m ajor m u ltina tiona ls  i t  was poss ib le  to  
genera lise  the  e x p e rtise  in v o lv e d  in  m u ltina tiona l tax o p tim isa tio n . However, 
as re p o rte d  above, commercial c o n fid e n tia lity  co n s id e ra tio n s  p re v e n te d  th is  
more genera l e x p e rtis e  be ing  used fo r  fu r th e r  a p p lica tions .
The company s p e c ific  tax  in fo rm a tio n  and s tra te g ie s  a re  o b v io u s ly  h ig h ly  
co n fid e n tia l to  th e  companies in v o lv e d . For instance , " ta x  h o lid a y s " may 
o ften  be nego tia ted  w ith  th e  fis ca l a u th o r itie s  in  overseas c o u n tr ie s  and 
used e x c lu s iv e ly  b y  th e  com pany th a t has negotia ted  them . W idespread 
know ledge o f such d is c re t io n a ry  a rrangem ents w ould  a t t ra c t  s im ila r 
m u ltina tiona ls  to  nego tia te  e q u iv a le n t a rrangem ents le a d in g  to  a loss o f 
commercial advan tage  o f th e  in it ia l company. N everthe less th e  genera lised  
s k il ls  are no t c o n fid e n tia l and show rem arkab le  s im ila r ity  between 
p ra c t it io n e rs  in  d i f fe re n t  m u ltina tiona ls . I t  is  these gen e ra lised  m ethods o f 
m u ltina tiona l taxa tion  prob lem  so lv in g  which are re p o rte d  here.
F in d in g s  on N a tu re  o f Problem S o lv ing
The tax e x p e rt is  th e  cus tod ian  o f th e  ongoing co rp o ra te  s t ru c tu re  and is  
called upon, pe rhaps  seve ra l tim es p e r week, to  sugg es t m ethods by w h ich  
new ly acq u ire d  com panies may be assim ilated in to  the  c o rp o ra te  s t ru c tu re .  
He also has to  dev ise  s p e c ific  p lans fo r  b r in g in g  back d iv id e n d s  to  the  UK 
in  a way w h ich  avo ids  doub le  o r  excessive taxation.
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Problem  so lv in g  commences w ith  a th o ro u g h  exam ination o f the  balance shee t 
and o th e r  f in a n c ia l schedu les o f th e  s u b s id ia ry  (o r  po te n tia l s u b s id ia ry )  
com pany w h ich  is  the  focus  o f a tte n tio n . In  many cases the  c o rp o ra te  tax  
s p e c ia lis t then  consu lts  h is  re co rd s  to  de te rm in e  th e  s p e c ific  c u r re n t  tax  
a rrangem en ts  app licab le  to  th e  c o u n try  o f re s ide nce  o f the  fo cu s  company.
O ften such e n q u ir ie s  are  also fo llow ed up w ith  ve rb a l e n q u ir ie s  to  
c o u n te rp a r ty  tax  sp e c ia lis ts  in  th e  d is ta n t c o u n try  o r  c o u n tr ie s . The tax  
s p e c ia lis t then  proceeds to  c o n s tru c t a num ber o f a lte rn a tiv e  d iagram m atic  
re la tio n s h ip s  o f companies associated w ith  th e  ta rg e t  company and, sometimes 
w ith  the  aid o f ju n io r  co lleagues, to  ca lcu la te  th e  d iv id e n d  im p lica tio n s  o f 
a lte rn a tiv e  h o ld ing  and re m itta l a rrangem en ts .
By th is  ro u te  th e  problem  s o lv in g  is  e s s e n tia lly  focused to  one small p a r t  
o f the  o rgan isa tion  and, o fte n  w ith  co n s id e ra b le  d if f ic u lty ,  a proposed 
optim um  s tru c tu re  is  dev ised . T h is  is  th e n  com pared w ith  th e  o ve ra ll 
c o rp o ra te  ho ld ing  s t ru c tu re  to  de te rm ine  w h e th e r o r  no t i t  is  su itab lO ffrom  
th e  g loba l v ie w po in t. I f  no t th e re  are  f u r t h e r  ite ra t iv e  cyc le s  u n til a 
s o lu tio n  w h ich is  both accep tab le  a t the  local and global le ve l is  found .
Problem S tru c tu r in g  P rops (Tools and A ids)
The p ro p s  used h e a v ily  in  th is  ta s k  are  th e  g ra p h ic a l t r ia l p a r t ia l c o rp o ra te  
s tru c tu re s  and the  d r a f t  f in a n c ia l schedules. Such docum ents a re  p repa red  
in  a fixe d  fo rm a t w h ich, in  the  im plem ented system , is  used to  s u p p o rt a 
fo rm  o f coope ra tive  problem  s o lv in g  between th e  system  and th e  human tax  
e xp e rt.
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Generic Data
There is  a mass o f g e n e ric  data  associated w ith  th is  task . In te rn a lly  th e re  
are co rp o ra te  sp e c ific  da ta  on th e  e x is tin g  co rpo ra te  s t ru c tu re ,  f in a n c ia l 
ta rg e ts  etc. E x te rn a lly  th e re  is  a req u ire m e n t to  ass im ila te  an ongo ing  
volume o f pub lish e d  and d is tr ib u te d  m ateria l on UK and overseas taxa tion  
ra tes  and fis ca l re g u la tio n s . Some o f th is  is  im mensely d e ta iled  and, fo r  
ins tance , in c lu d e s  data  on w h ich  areas o f which c o u n tr ie s  and fo r  w h ich  
pe riods c e rta in  commercial a c t iv it ie s  a re  tax exempt. For in s ta n ce , c e rta in  
areas o f Ire la n d  a re  from  tim e to  tim e g iven tax fre e  s ta tu s  fo r  ce rta in  
in d u s tr ia l research  a c t iv it ie s . S im ila rly , ce rta in  reg io ns  o f F rance are  
des igna ted as low tax  re g io n s  fo r  s p e c ific  in d u s tr ia l processes. F a m ilia r ity  
and know ledge o f th is  body o f in te rn a tio n a l tax know ledge is  one o f the  
p r in c ip a l s k il ls  o f th e  p ra c t it io n e r . I t  is  also the  reason w hy some e xp e rts  
concen tra te  on N orth  Am erican tax  know ledge, some on European tax  
know ledge e tc. Global tax  know ledge a t a n y th in g  excep t a s u p e rf ic ia l le ve l 
is  im possib le  fo r  any  one human e x p e rt.
S pec ific  Data
S p ec ific  data  on ta rg e t  companies fo r  acqu is ition  o r  ta x -o p tim ise d  d iv id e n d  
re m itta l is  p ro v id e d  by  th e  balance shee t and o th e r schedu les, fo r  c u r re n t  
and h is to r ic a l years , o f th e  ta rg e t company.
Knowledge Sources
Two fo rm s o f know ledge are p ro v id e d  in the  im plem ented system  to  
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re p re s e n t bo th  g roup  and company v ie w p o in ts  on any suggested  c o rp o ra te  
s tru c tu re .
Open/Closed Problem
The problem  is  an open problem  w here  th e  s o lu tio n  can be any one o f an 
in f in ite  num ber o f ho ld ing  and d iv id e n d  re m itta l re la tio n s h ip s . Thus th e  
chosen d iv id e n d  s t ru c tu re  can c o n s is t o f any  o f a g re a t many poss ib le  
h ie ra rch ica l ow ne rsh ip  re la tio n sh ip s , each o f w h ich  can in v o lv e  th e  p a y in g  
o f an in f in ite  range  o f d iv id e n d s  (fro m  ze ro  to  the  maximum ava ila b le  from  
p r o f i t  and accum ulated rese rves) to  i t s  p a re n t.
P roac tive /R eac tive  Problem
The problem  s o lv in g  s p e c ific a lly  cons ide red  in  th e  in v e s tig a tio n  (and, th e  
commercial im p lem enta tion ) is  re a c tiv e  to  a c q u is itio n  o r  the  need to  re m it a 
p a r t ic u la r  d iv id e n d  to th e  p a re n t com pany.
P roac tive  problem  s o lv in g  is  also u n d e rta k e n  as a b a ckg ro u n d  a c t iv i ty  and 
as re g u la r  "h o u se ke e p in g " exerc ises in  o rd e r  to  m ainta in an o v e ra ll 
ta x -e ff ic ie n t co rp o ra te  s tru c tu re  and d iv id e n d  p lan. T h e re fo re  the  tax  e x p e rt 
is  re g u la r ly  re v ie w in g  th e  o ve ra ll c o rp o ra te  s t r u c tu r e  w ith  a v iew  to  m aking 
i t  more tax e ff ic ie n t.
Problem S o lv ing  A rc h ite c tu re
In  th is  task  th e re  is  p o te n tia lly  an immense search space. For in s ta n ce  a
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req u ire m e n t to  optim ise th e  to ta l c o rp o ra te  tax  s t ru c tu re  w ould  re s u lt  in  a 
m assive com binatoria l exp losion o f poss ib le  h o ld ing  re la tio n s h ip s  between 
companies. Thus, a ltho ugh  th e  e x p e rt a lw ays s ta ted  th a t  he had a d u ty  to  
"op tim ise  the  o v e ra ll tax  s t ru c tu re  o f th e  g ro u p "  w h ich re s u lte d  in  a degree 
o f p ro a c tive  e x p lo ra to ry  a c t iv i ty  (eg e xpe rim e n ting  w ith  th e  consequences 
o f small changes in  ho ld in g  re la tio n s h ip s ), th e  task  is  m a in ly  re a c tive  to  
in d iv id u a l cha llenges and s itu a tio n s , such as m ergers and a cq u is itio n s .
- • .
Such cha llenges always s e rve  to  loca lise  th e  problem  and so fo rm  a n a tu ra l 
" fo cu s  o f a tte n tio n "  c o n s tra in in g  mechanism. For in s tance , th e  decis ion to  
pu rchase  a Mexican company w ould s e rv e  to  p re -co n  s tra in  th e  ta s k  p r im a r ily  
to  o p tim is ing  the  Mexican in te rn a l and e x te rn a l ho ld ing  re la tio n s h ip s . The 
p o te n tia l ex te rna l ho ld ing  companies fo r  a Mexican com pany w ou ld  e ith e r  be 
in  the  U n ited  Kingdom o r  Holland. ( In  th e  d iagram m atic  re p re s e n ta tio n  o f 
prob lem  s o lv in g  com ponents la te r  in  th is  section we re fe r  to  th is  as 
" in s t itu t io n a l p re -c o n s tra in in g "  o f th e  search since i t  is  a d e lib e ra te  
com pany p o lic y  to  optim ise lo c a lly  and then , as describ ed  below, to  feed the  
re s u lts  back fo r  re co n c ilia tio n  w ith  th e  o v e ra ll g roup  tax  s itu a tio n .)
As a re s u lt  the  o ve ra ll "p ro b le m " w ou ld  be co ns tra in ed  to  Mexico ( in c lu d in g  
in te rn a l companies) and U n ited  Kingdom and Dutch h o ld ing  companies. Even 
w ith in  th is  se t o f companies th e re  a re  fu r th e r  in s t itu t io n a l c o n s tra in ts  due 
to  "s t if fn e s s "  o f h is to r ic a l ho ld in g  re la tio n s h ip s  w h ich cann o t be changed 
excep t u n d e r excep tiona l c ircum stances. (S im ila r ly , in  a pa ra lle l 
in te rn a tio n a l tax  p lann ing  case, in v e s tig a te d  fo r  ano the r m a jo r m u ltina tiona l 
b u t  n o t y e t com m ercia lly im plem ented, i t  was im possib le  to  re -o rd e r  th e  
h o ld in g  re la tio n s h ip s  o f c e rta in  Ita lia n  s u b s id ia r ie s  w ith o u t agreem ent o f the  
Ita lia n  Mafia. Such perm ission was u s u a lly  d i f f ic u l t  to  o b ta in .)
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The search  fo r  the  best s tru c tu re  w ith in  th e  lim ite d  se t o f com panies and 
re s tr ic te d  poss ib le  re la tio n s h ip s  is  h e u r is t ic a lly  g u id e d  bu t, in  th e  extrem e 
case, can be unde rtake n  almost on an e xh a u s tive  sea rch  basis. Once the 
c o n s tra in e d  problem  has been "s o lv e d " the  tax  im p lic a tio n s  o f th e  lo ca lly  
d e r iv e d  so lu tion  are  re fle c te d  back to  de te rm ine  th e ir  im pact on the  tax 
s itu a tio n  o f the  o ve ra ll g roup .
I f  th e re  is  a p a r t ic u la r ly  poor o ve ra ll im p lica tio n  fro m  th is  " fe e d b a c k " the 
re s u lt  is  taken  in to  cons ide ra tion  d u r in g  a n o th e r i te ra t iv e  pass th ro u g h  the 
prob lem .
M u ltin a tio n a l Tax P lann ing  can be u s e fu lly  com pared w ith  Perm anent Health 
In s u ra n c e  considered  la te r . In  th e  la t te r  case, b u t  fo r  somewhat d if fe re n t  
s t ru c tu ra l reasons, th e re  is  also the  lik e lih o o d  o f  massive com b ina to ria l 
exp los ion . In  Perm anent Health In s u ra n c e  th e re  are  no c o n s tra in in g
measures and problem  s o lv in g  is  o fte n  non -op tim a l. In  c o n tra s t M u ltin a tio n a l 
Tax P lann ing  p ro v id e d  an o u ts ta n d in g  and in d u s try - re s p e c te d  example o f 
e x p e rtis e  in  th is  d i f f ic u l t  f ie ld .
M u ltin a tio n a l Tax P lann ing  is  i l lu s tra te d  on th e  n e x t page:
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Diagram m atic R epresentation o f Problem S o lv in g  Com ponents 
In  the  d iag ram  i t  can be seen th a t an in it ia l com ponent o f  p rob lem  s o lv in g  
co n s tra in s  th e  search to  a s in g le  domain (eg th a t  c o n c e rn in g  the  tax 
a rra ngem en ts  fo r  C entra l and South Am erican com panies). T h is  c o n s tra in t 
is  based on th e  p ra c tic a lit ie s  o f the  in s t i tu t io n a l p rob lem  s o lv in g  s itu a tio n . 
( In  com parison, the  problem  so lv ing  in  E n g in e e rin g  P re v e n ta tiv e  M aintenance 
w h ich  fo llo w s  is  co ns tra in ed  by th e  n a tu re  o f th e  dom ain.) The searched 
domain is  shown as the  d a rk e r  shaded lo w e r domain on th e  d iagram . Once 
a conc lus ion  to  th e  co ns tra in ed  prob lem  is  reached th e n  th e  new s itu a tio n  
is  assessed in  the  p e rsp e c tive  o f th e  o v e ra ll o r  g loba l p la n n in g  tax 
a rra ngem en ts  fo r  the  g roup . I f  th e  local so lu tio n  is  a t m a jo r va ria n ce  w ith  
the  o v e ra ll p lan  then  the  tax e x p e rt ite ra te s  th ro u g h  th e  prob lem  w ith  the  
a d d itio n a l in fo rm a tio n  as ju s t  one a d d itio n a l in p u t  to  h is  c o n s tra in e d  problem  
so lv in g . Fo r ins tance , a decision to  p a re n t a new ly  p u rcha sed  s u b s id ia ry  
on a Mexican h o ld ing  company could s e v e re ly  d is ru p t  a g loba l p lan to  delay 
m aking a d iv id e n d  in  Mexico and, in  v iew  o f th e  o v e ra ll s itu a tio n , i t  may be 
b e tte r  to  p a re n t the  new company e lsew here .
P re -C o n s tra in e d  Search Tree w ith  Local R esult A ffe c tin g  O vera ll Result
Global In it ia l Search Domain
Data Problem P re - Search
A c q u is itio n  A n a lys is  C o ns tra in in g
( In s t itu t io n a l)
P rim a ry  S econdary 
C onclusion  Conclusions
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Commercial Im plem entation Details
This  system  was ex trem e ly  d i f f ic u l t  and tim e-consum ing  to  se ll to  th e  
sponsor y e t is  now in  v e ry  c o n fid e n tia l, successfu l and p ro f ita b le  use.
The tax  e x p e rt was v e ry  s u p p o rtiv e  b u t the  n a tu re  o f th e  im p lem enta tion  
demanded th a t i t  be d e liv e re d  on Sym bolics hardw are . The com pany had 
es tab lished  a t ig h t  m ainstream  com puting  s tra te g y  (IBM m ainfram e e tc ) and 
cons ide rab le  tim e was sp e n t ju s t i fy in g  the  need fo r  S ym bo lics  ha rdw are . 
S im ila rly  in te r fa c in g  to  the  m ainframe database was an issu e  th a t  had to  be 
so lved in  advance o f system  a u th o riza tio n  and im p lem enta tion . In  o rd e r  to  
persuade th e  custom er as to  the  p o ten tia l b e n e fits  o f th e  fu l l  MNCT system  
a p ilo t  system , CLINTE (Gleeson & West, 1988), was im plem ented in i t ia l ly  
us ing  In fe re n c e  ART on a Sym bolics 3670. C onsiderab le  use was made o f 
bespoke g ra p h ic s  w r it te n  e n t ire ly  in  L isp. As a re s u lt  o f th e  success o f the  
p ilo t  system  th e  fu l l  MNCT system  was im plem ented u s in g  th e  Sym bolics 
Joshua to o lk it.
The e x p e rt system  its e lf  was complex b u t the  main prob lem s conce rned  the  
use r in te rfa c e . Tax e x p e rts  th in k  in  term s o f company ba lance shee ts  and 
schedules and i t  was im p e ra tive  th a t the  system  cou ld  d is p la y  such 
schedules in  e xa c tly  th e  same fo rm a t as would be used on paper. In  fa c t 
e x tra  fa c il it ie s  w ere o ffe re d  in  th a t a s o r t o f h y p e rte x t fu n c t io n a li ty  was 
o ffe re d  so th a t, b y  c lic k in g  on a p a r t ic u la r  balance sheet f ig u re ,  th e  f ig u re s  
and tre n d s  fo r  re la te d  yea rs  w ould appear to g e th e r w ith  s u b s id ia ry  da ta  on 
how th e  f ig u re  was genera ted . Thus the  normal tw o -d im en s iona l schedu les 
were g iven  a fo rm  o f th re e -d im ens iona l fu n c t io n a lity  w ith  th e  a b i l i ty  to  
"p lu n g e  dow n" on any f ig u re  to  d isco ve r both the  p re v io u s  y e a rs ' f ig u re s  
"u n d e rn e a th  i t "  p lus  the  da ta  on the  s u b s id ia ry  com panies on w h ich  th e
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f ig u re  was based. T h e re fo re , as an a d ju n c t to  th e  main ta x  p la n n in g  
system, the  use r was o ffe re d  a means o f e x p lo r in g  the  f ig u re s  on w h ich  the  
system  based its  reason ing .
The system  o u tp u t a lso had to  be in  a fo rm  v e ry  fa m ilia r to  th e  user. 
O rgan isa tion  c h a rts  fo r  m u ltina tiona l companies u s u a lly  show an h ie ra rc h y  
o f seve ra l h u n d re d  com panies to g e th e r w ith  the  tax  ho ld ing  and m ixing 
a rrangem ents . Tax p la n n e rs  use such c h a r ts  as a problem  s o lv in g  p ro p  
when t r y in g  to  dev ise  new h o ld ing  a rrangem ents . T h e re fo re  th e  system  
had to  d is p la y  and p r in t  such c h a rts  as i t s  o u tp u t. The lim ita tio n s  o f th e  
A4 p r in te r ,  w h ich p rodu ced  c h a rts  in  sections, was one o f th e  u n reso lved  
nega tive  fe a tu re s  o f th e  system .
The in te n d e d  use r was to  be an e x is tin g  e x p e rt b u t, most o fte n  w ith  tax  
know ledge on a d if fe re n t  p a r t  o f th e  w o rld . For ins tance , fo r  th e  reasons 
exp la ined above, the  system  m igh t be used to  g iv e  adv ice  on European tax 
h o ld ing  re la tio n s h ip s  fo r  a use r who was e x p e rt on N orth Am erican tax  
a rrangem ents  and lega l requ irem en ts . In  such cases the  use r w ill w an t to  
im p rove  the  adv ice  sugg es te d  by  th e  system  to  exp lo re  even b e tte r  tax  
re la tio n s h ip s  based on h is  own know ledge. In  th e  main these enhancem ents 
w ill be tu n in g  o f h o ld in g  re la tio n s h ip s  based on an o ve ra ll ta x  s t ru c tu re  
suggested  by  the  system . The ne t re s u lt  is  th a t  th e  user re q u ire d  the  
system  to  have a g ra p h ic a l based " w h a t- i f "  system . T he re fo re , b y  d ra g g in g  
a s u b s id ia ry  in to  a new  ta x  p a re n tin g  re la tio n s h ip  th e  u s e r w ou ld  w a n t to  
see the  o ve ra ll e ffe c t on revenue flow  back to  th e  p a re n t com pany. Th is  
fa c il i ty  had n o th in g  to  do w ith  the  core  e x p e rt system  b u t  en ta iled  
cons ide rab le  e f fo r t  to  make the  o ve ra ll system  e ffe c tiv e  and accep tab le  by  
the  users.
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A dditional Comments
I t  is  s t i l l  hoped th a t  th is  in v e s tig a tio n  o f m u ltina tiona l taxa tion  s k il ls  w ill 
e v e n tu a lly  lead to  seve ra l commercial im plem entations and, s u b je c t to  the  
re so lu tion  o f commercial c o n f id e n t ia lity  issues, the  p o s s ib ility  o f a g e n e ric  
tool fo r  European tax a pp lica tions .
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3,8 ENGINEERING PREVENTATIVE MAINTENANCE
S ponsoring  O rgan isa tion
The in v e s tig a tio n  was sponsored b y  a m a jo r c ig a re tte  m a n u fa c tu re r faced 
w ith  the  prob lem  o f in c re a s in g  th e  c ig a re tte  m aking machine u til is a t io n  o f 
a p a r t ic u la r  p la n t m a n u fa c tu rin g  an in c re a s in g ly  success fu l low ta r  
c ig a re tte .
In tro d u c tio n
The task  d e scrib ed  in  th is  section . E n g in e e rin g  P re v e n ta tiv e  M aintenance, 
was in v e s tig a te d  a cons ide rab le  p e rio d  a f te r  the  o th e r  m a jo r e n g in e e rin g  
tasks, Benchtop E le c tro n ic  Repair and Telecom Repair S e rv ice . A lth o u g h  
b a s ica lly  a d ia g n o s tic  ta sk , th e re  is  a m arked d iffe re n c e  between th e  
mechanical domain and th e  e le c tr ic a l/e le c tro n ic  domains re p re se n te d  b y  
Telecom Repair S e rv ice  and Benchtop E le c tro n ic  D iagnosis. In  e le c tr ic a l 
domains the  o n ly  means to  v e r ify  a h yp o th e s is  is  b y  rep lacem ent o f a 
com ponent o r  o th e r  p h ys ica l c ir c u it  in te rv e n tio n . M echanical d iagnos is  is  
d i f fe re n t  in  th a t, once th e  equ ipm en t has been disassem bled, th e  fa u lt  can 
u su a lly  be de tec ted  and v e r if ie d  v is u a lly .
However, a ltho ugh  the  v isu a l d im ension makes mechanical d iagnos is  easier, 
th e re  is  s t i l l  a p r ic e  to  be pa id  fo r  d isassem bly, rep lacem ent and 
ad jus tm e n t. U n so ld e rin g  a p o te n tia lly  fa u lty  com ponent may be a nu isance 
b u t  i t  is  fa r  q u ic k e r  than  u n b o lt in g  and rem oving  seve ra l " la y e rs "  o f heavy 
mechanical assem blies to  check and rep lace  a p a r t ic u la r  com ponent. (The
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s itu a tio n  may be b e tte r  und e rs too d  b y  ana logy to  ca r m echanics. A problem  
in  engag ing  f i r s t  gea r may be due to  a w orn  synch ro -m esh  gea r w h ich  can 
o n ly  be accessed and rep laced  by  f i r s t  u n b o ltin g  and rem oving  th e  e n tire  
gearbox from  th e  ca r, then  rem ov ing  the  re le v a n t s h a ft  from  the  
disassem bled gearbox so th a t,  f in a l ly ,  a new gear may be rep laced  on the  
s h a ft.)
Mechanical system s also have the  prob lem  o f wear. In  genera l a piece o f 
e le c tro n ic  equ ipm en t e ith e r  "w o rk s "  o r  " fa i ls " .  Mechanical system s g ra d u a lly  
wear and deg rade  and, u n lik e  e le c tro n ic  com ponents, m echanical com ponents 
have a f in i te  l i fe  a f te r  w h ich  th e y  m ust be rep laced. Such issues  make 
mechanical system s m aintenance v e ry  d if fe re n t  from  e le c tr ic a l and e le c tro n ic  
fa u lt  d iagnosis. In  fa c t, i t  seems in c o r re c t  to  speak o f "e le c tro n ic s  system s 
m aintenance" s ince  th e re  is  re a lly  no e q u iv a le n t to the  p re v e n ta t iv e  o r  
ro u tin e  m aintenance u n d e rta ke n  on mechanical systems.
A u th o r 's  Role
The a u th o r was so le ly  in v o lv e d  in  th is  a c t iv ity ,  u n d e rta k in g  in it ia l 
in v e s tig a tio n s , know ledge a c q u is itio n  and ana lys is .
O u tline  Task D escrip tion
The task  e x p e rt was th e  m aintenance m anager o f a la rg e  c ig a re tte  fa c to ry . 
C iga re ttes  are  p roduced  on complex th re e -s ta g e  machines and these  la rge , 
p r im a r ily  m echanical, system s re q u ire  bo th  ro u tin e  and b reakdow n 
m aintenance. The m anager's task  is  to  op tim ise  both fo rm s o f m aintenance
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a c t iv i ty  so as to  g ive  maximum ava ila b le  m achine u til is a tio n  and so, 
in d ire c t ly ,  maximum o v e ra ll c ig a re tte  o u tp u t.
Form o f In v e s tig a tio n
The fa c to ry  la y o u t and system s were w e ll-k n o w n  to  co lleagues o f th e  a u th o r 
and these persons w ere in fo rm a lly  in te rv ie w e d  in  advance to  gain an 
u n d e rs ta n d in g  o f the  com plex c ig a re tte  m ak ing  p rocess and i t s  problem s. 
T h is  was fo llow ed by a de ta iled  gu ided  to u r  o f th e  fa c to ry  f lo o r  by  the  
e x p e rt in c lu d in g  an o p p o r tu n ity  to  examine and u n d e rs ta n d  th e  mechanics 
o f a p a r t ly  disassem bled c ig a re tte  m aking m achine. F ina lly , know ledge 
a c q u is itio n  was und e rtake n  in v o lv in g  th e  e x h a u s tiv e  exam ination o f machine 
m aintenance docum entation and the  e x p e rt 's  no tes and schedules. ^
F in d in g s  on N ature o f Problem  S o lv ing
The e x p e rt was a p a r t ic u la r ly  consc ien tious  and  m ethodica l w o rk e r who had 
d e lib e ra te ly  s tud ie d  h is p rob lem  area o v e r a num be r o f years in  th e  b e lie f 
th a t  he cou ld  achieve much h ig h e r m achine o u tp u t  than  claim ed b y  the  
machine m anu fac tu re rs . As a re s u lt  he had dem onstra ted  th a t  he could 
ach ieve  s ig n if ic a n tly  b e t te r  op tim ised m ain tenance (and  so c ig a re tte  o u tp u t)  
than  the  shop flo o r s ta f f  no rm a lly  re s p o n s ib le  fo r  ro u tin e  m aintenance 
p la n n in g . The o b je c tiv e  o f the  proposed e x p e rt  system  was to  d e liv e r  the  
m anager's expe rtise  to  shop f lo o r  s ta f f  and so in c re a se  machine u tilis a tio n  
from  abou t 60% to  a more accep tab le  ta rg e t  f ig u r e  o f 80%.
T he re  were tw o aspects to  th e  problem  s o lv in g . F irs t ,  m aintenance had to
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be p lanned on a ro u tin e  basis to  rep lace com ponents s u b je c t to  norm al 
mechanical wear and ab ras ion .
Since com ponents wear o u t a t d i f fe re n t  rates, scheduled rep lacem ent cyc les  
v a ry  w id e ly  from  com ponent to  com ponent. For ins tance , a p a r t  from  
lu b r ic a tio n , ro lle rs  in  th e  case m aking assembly re q u ire  rep lacem ent on a 
y e a r ly  basis. A t th e  o th e r  extrem e, ny lon  be lts  d e liv e r in g  tobacco in to  the  
paper no rm a lly  re q u ire  rep lacem ent on a da ily  basis.
A p a rt from  the  p la n n in g  o f ro u tin e  m aintenance, i t  was necessary to  respond  
to mechanical failures with breakdown maintenance. At such time it  was 
necessary to  e f fe c t a d iagnos is  (u s u a lly  a fa ir ly  s tra ig h t fo rw a rd  ta s k  w ith  
mechanical system s) and, us ing  th e  o p p o r tu n ity  p ro v id e d  by  the  necessary 
d isassem bly o f the . machine, both  make a re p a ir/re p la c e m e n t and e ffe c t any 
ro u tin e  m aintenance th a t  cou ld  be c o n ve n ie n tly  u n d e rta ke n .
The e x p e rt 's  s k il l was in  o p tim is in g  ro u tin e  m aintenance (so as to  in c rea se  
u tilis a tio n  w ith o u t undue r is k  o f sudden fa ilu re )  and to  make th e  b es t and 
most p ro d u c tiv e  use o f th e  d isassem bly o p p o rtu n it ie s  re s u lt in g  from  a 
breakdow n.
Problem S tru c tu r in g  P rops (Tools and A ids)
The e x p e rt used bo th  th e  s ta f f  a c t iv i ty  w o rk  schedules (a ty p e  o f d ia ry  o f 
p lanned w o rk  fo r  each in d iv id u a l m aintenance w o rk e r) and th e  m aintenance 
re co rd  logs o f in d iv id u a l m achines to  devise and expe rim en t on optim um  
ro u tin e  m aintenance schedules. When a breakdow n o c c u rre d  these 
docum ents were used on an im m ediate basis to  a lloca te  m aintenance e f fo r t
1 1 2
I n v e s t ig a t io n s  o f  O ccur^t io n a l  P roblem S o l v in g  
to  the  breakdow n, schedu le  o p p o r tu n is t ic  m aintenance and re -p la n  th e  
s ta ff/m a c h in e  m aintenance schedules d is ru p te d  as a re s u lt  o f the  b reakdow n.
G eneric Data
The c ig a re tte  m aking machines (from  tw o d if fe re n t  m a n u fa c tu re rs ) w ere  
p ro v id e d  new w ith  com prehensive m ain tenance schedu les fo r  a ll m echanical 
p a rts . (These are s im ila r to  a ca r m ain tenance handbook a d v is in g  ch a n g in g  
b re a k  pads e v e ry  5,000 miles, new s p a rk  p lu g s  e v e ry  10,000 miles e tc .) 
Thus m a n u fa c tu re rs  recommended tobacco c u t te rs  shou ld  be rep laced e v e ry  
1000 h ou rs  and paper g r ip p e rs  e v e ry  500 hou rs . As a re s u lt  o f  h is  
experience  o f seven ye a rs  m aintenance o f th e  machines, the  e x p e rt had 
'tu n e d ' th is  generic  da ta  so th a t, fo r  in s tan ce , c u t te rs  w ere o p tim a lly  
rep laced e v e ry  1200 h o u rs  and g r ip p e rs  e v e ry  1000 hou rs . -
S p ec ific  Data
A lth ough  the  ove ra ll m aintenance is  based on the  schedu les ju s t  m entioned, 
in d iv id u a l machine re c o rd s  form  th e  s p e c if ic  da ta  on w h ich is  p lanned 
ro u tin e  m aintenance is  based. These re c o rd s  a re  also used a t the  tim e o f 
b reakdow ns to  determ ine, fo r  ins tance , w h ich  ro u tin e  m aintenance is  n e a rly  
due and can be e f f ic ie n t ly  b ro u g h t fo rw a rd  as a re s u lt  o f the  necessary 
s tr ip p in g -d o w n  o f the  machine.
For ins tance , a s h a ft may be close to  th e  s ite  o f a w orn  com ponent be ing  
rep laced as a re s u lt  o f a b reakdow n. I f  th e  machine re co rd s  in d ic a te  th a t  
th e  s h a ft is  w ith in , say, 100 hou rs  o f a ro u t in e  TOÛ0 h o u r m aintenance
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rep lacem ent then th a t a c t iv i ty  may be b ro u g h t fo rw a rd  to  th e  tim e o f the  
breakdow n m aintenance. The in d iv id u a l machine re c o rd  w ould  then  be 
updated to  form  s p e c ific  da ta  on w h ich  to  base th e  next ro u t in e  m aintenance 
cycle .
Knowledge Sources
The in it ia l im plem entation was p lanned to  deal o n ly  w ith  the  management o f 
b reakdow n re p a ir. The p la n n in g  o f ro u tin e  m aintenance is  more 
s tra ig h tfo rw a rd  and, fo r  the  pu rposes  o f th is  in v e s tig a tio n , no t so 
in te re s t in g .
Two separa te  know ledge sources were env isaged fo r  th e  breakdow n 
m aintenance im plem entation. The p r im a ry  know ledge source  fa c ilita te s  an 
e sse n tia lly  backw ard  reason ing  search  in  a search tre e  p re -c o n s tra in e d  b y  
th e  n a tu re  o f the  mechanical s ite  o f th e  fa u lt .  The second know ledge source  
is  fo rw a rd  reason ing  and frag m en ted  in  the  same way as th e  su b -se a rch  
areas o f the  p r im a ry  know ledge source . The second know ledge source  acts 
both  upon the  requ ire m en ts  to  d isassem ble p a r ts  o f the  machine (necessary 
fo r  th e  p r im a ry  d ia g n o s is /re p a ir /re p la c e m e n t)  and th e  c u r re n t  s p e c ific  
m aintenance s ta te  o f re la ted  com ponents to  p lan o p p o r tu n is t ic  m aintenance 
replacem ent fo r  those n ea rb y  com ponents.
In  a more com plete im plem entation ro u tin e  m aintenance w ou ld  be su p p o rte d  
p ro c e d u ra lly . However, and no t fu l ly  in v e s tig a te d , th e re  would be an 
o p p o r tu n ity  to  o f fe r  some fo rm  o f in d u c t iv e  re finem en t system  to  u n d e rta ke  
th e  ongo ing  op tim isa tion  and tu n in g  o f th e  ge n e ric  schedu les  d iscussed 
above. Thus ro u tin e  replacem ents o f a com ponent fo u n d  re g u la r ly  no t to  be
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w orn  w ould re s u lt  in  a le n g th e n in g  o f th e  rep la cem en t schedule . S im ila rly , 
re g u la r  b reakdow n be fo re  the  scheduled m ain tenance tim e w ou ld  re s u lt  in  
a s h o rte n in g  o f the  schedule .
O pen/C losed Problem
The prob lem  is  closed to  the  se t o f rep laceab le  com ponents th a t  c o n s titu te  
th e  machine. In  some cases com ponents can be e ith e r  w o rn , b roken  o r 
m a lad jus ted . In  most cases the  o n ly  v a lid  sym ptom  is  wear caus ing  the  
m achine to  m a lfunction .
P ro a c tive /R e a c tive  Problem
Reactive to  b reakdow n w ith  p ro a c tiv e  o p p o r tu n is t ic  m aintenance a t the  s ite  
o f th e  re p a ir/re p la ce m e n t.
Problem  S o lv ing  A rc h ite c tu re
T h is  ty p e  o f task  is  common w ith  M u ltin a tio n a l Tax P lann ing  in  th a t  th e re  
is  a p o te n tia lly  v e ry  la rg e  search space w h ich  is  p re -c o n  s tra in e d  p r io r  to  
th e  s ta r t  o f the  ana lys is  o f the  problem . H ow ever th e  use o f th e  re s u lt  o f 
th e  co n s tra in e d  search is  ra th e r  d if fe re n t  to  M u ltin a tio n a l Tax P lann ing .
A lso h n g in e e rin g  P re ve n ta tive  M aintenance in v o lv e s  d iagnos is  b u t  d if fe rs  
from  Benchtop E lec tron ic  Diagnosis in  seve ra l ways. In  Benchtop E lec tron ic  
D iagnosis the  search tre e  may be dyna m ica lly  re -a rra n g e d  as a re s u lt  o f
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in fo rm a tio n  in  the  in it ia l p roblem  d e s c r ip tio n  (ie  the  F a u lt Docket). However, 
a t the  extreme o r in  cases o f i l l-d e s c r ib e d  fa u lts , th e  whole search tre e  is  
ava ilab le  fo r  search.
In  c o n tra s t, in  mechanical d iagnos is  problem s such as E n g in e e rin g  
P re ve n ta tive  M aintenance th e re  can be p o s itiv e  v isua l o r  lo g ica l 
p re -c o n s tra in in g  o f th e  search due to  th e  iso la tio n  o f m echanical 
sub -system s. Thus, in  E n g in ee ring  P re v e n ta tiv e  M aintenance, a fa u lt  in  th e  
Case M aking p a r t  o f th e  machine can have no cause in  th e  Rod M aker. In  
many cases the  c o n s tra in in g  o f th e  problem  can be to  q u ite  lo w -le v e l 
mechanical sub-assem blies even be fo re  any  phys ica l d iagnos is  is  u n d e rta ke n .
Thus th e re  is  some real com m onality w ith  M u ltin a tio n a l Tax P lann ing  a lth o u g h  
the  p a r t ic u la r  example o f M u ltin a tio n a l Tax P lann ing  has a c o n s tra in t w h ich  
is  p ragm a tica lly  o r  o p e ra tio n a lly  im posed ra th e r  than  imposed by the  n a tu re  
o f th e  domain. However in  M u ltin a tio n a l Tax P lann ing  th e re  is  e s s e n tia lly  
a "fe e d b a ck " loop from  th e  prob lem  so lu tion  to  th e  in it ia l (c o n s tra in e d ) 
problem  d e sc rip tio n .
In  E ng inee ring  P re v e n ta tiv e  M aintenance is  no such feedback s ince  the  
so lu tion  to  the  local prob lem  can have no im pact on th e  o ve ra ll m aintenance 
cons ide ra tions . However, loca l fa u lt  re p a ir  m aintenance a c t iv ity  can g ive  
r is e  to  fu r th e r  lo ca lly  re la te d  o p p o rtu n it ie s  fo r  p re v e n ta t iv e  m aintenance.
Thus in  th is  task  th e  a c t iv it ie s  necessary to  u n d e rta ke  th e  fa u lt  
m aintenance are used as in p u ts  to  loca lised o p p o r tu n is t ic  reason ing  
(im plem ented as fo rw a rd  ch a in in g  and cons idered  as a d is tr ib u te d  b u t 
d is c re te  supp lem en ta ry  know ledge source), to  d is c o v e r c o s t-e ffe c t iv e  
p re v e n ta tiv e  m aintenance th a t  may be un d e rta ke n  c o n c u rre n t w ith  th e  fa u lt
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m aintenance.
In  sum mary th e re  is  p re -c o n s tra in e d  search  b u t  th e  re s u lts  o f th e  loca lised 
search are  used to  op tim ise  re la ted  loca l a c t iv i ty  ra th e r  than  th e  global 
s itu a tio n . E n g in ee ring  P re ve n ta tive  M ain tenance is  i l lu s t r a te d  on th e  n e x t  
page.
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Diagram m atic R epresen ta tion  of Problem Solving Com ponents
As w ith  M u ltina tiona l Tax P lann ing the  search  is  c o n s tra in e d  to  the  a 
p a r t ic u la r  sub-dom ain , th a t  o f the  G rip p e r Assem bly. However, th is  p re ­
c o n s tra in in g  is  a consequence o f the  domain. W hereas in  e le c tro n ic s  a fa u lt  
in  one area o f a c ir c u it  has some chance o f ca us ing  a prob lem  in  a remote 
c ir c u i t  e lem ent, o r  in  In te rn a tio n a l Tax P lann ing  a ta x  decis ion  in  A u s tra la s ia  
cou ld  a ffe c t the  ove ra ll g roup , th e re  is  no way th a t  c ig a re tte s  cou ld  be 
p ro d u ce d  in  unequal le n g th s  by the  p a r t  o f th e  m achine th a t p u ts  sealed 
c a rto n s  in to  ca rdbo a rd  pack ing  cases. T h e re fo re , th e  search is  "domain 
c o n s tra in e d "  to  a s in g le  sub-dom ain.
The o b je c t iv e  o f the  prob lem  so lv in g  is  to  d e te rm ine  th e  fa u lty  com ponent 
as a p r im a ry  conclusion  to  the  search. Local o p p o r tu n is t ic  prob lem  so lv ing  
takes  advan tage  o f the  disassem bled machine, and th e  v isu a l c lues th a t  th is  
p re se n ts , to  " fo rw a rd  c h a in " (us ing  the  e x p e rt system s te rm in o lo g y  fo r  the  
human prob lem  so lv e r) to  conclusions re g a rd in g  rep lacem ent o f com ponents 
th a t  may fa il in  the  nea r fu tu re .
The Local O p p o rtu n is tic  Conclusions com ponent is  n o t shown in  any o f the  
o th e r  ta sks  re p o rte d . However, i t  is  q u ite  common in  "m echan ica l" 
d ia g n o s tic  tasks. For instance, in  th e  gynaeco log ica l lapa roscop ic  
in v e s tig a t io n  o f Fallop ian tuba l pa tency  th e  su rgeo n  w ill u s u a lly  take  the  
o p p o r tu n ity  o f, fo r  in s tance , look ing , fo r  p e rin e a l adhesions o f th e  bowel and 
o th e r  o rgans . I f  these can be tre a te d  w h ile  th e  p a tie n t is  s t il l 
"d isassem b le d " then , a ltho ugh  non -sym p tom a tic  a t th e  tim e o f s u rg e ry , 
p rob lem s in  the  fu tu re  may be avoided and fu r t h e r  h o s p ita lis a tio n  may not 
be necessary.
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Commercial Im plem entation Details
V e ry  u n fo r tu n a te ly , the  E ng in ee ring  P re v e n ta tiv e  M aintenance in v e s tig a tio n  
d id  no t re s u lt  in  a com m ercia lly im plem ented system . N everthe less, the  
in v e s tig a tio n  p roved  a v e ry  w o rth w h ile  experience  fo r  the  a u th o r. There  
was cons iderab le  know ledge in v o lv e d  in  the  ta s k  and the  commercial 
im p lica tio n s  were v e ry  ex tens ive . Well chosen m aintenance in te rv e n tio n s , 
p a r t ic u la r ly  the  op tim isa tion  o f o p p o r tu n is t ic  m aintenance, cou ld  in c rease  
o v e ra ll p la n t u til is a tio n  b y  severa l percen tage  p o in ts . F ac to ry  p ro d u c t iv ity  
and the  re tu rn  on p la n t in ve s tm e n t cou ld  th u s  be ra d ic a lly  im p roved .
A lth ough  th is  system  was neve r im plem ented the  a u th o r  is  conv inced  th a t 
a f i r s t  ra te  system  cou ld  have been c o n s tru c te d , la rg e ly  as a re s u lt  o f th e  
extent and depth of expertise of the human expert. The human expert, 
su p p o rte d  by  a mass o f wear data  w h ich  he had p a in s ta k in g ly  assembled, 
cou ld  accu ra te ly  guess when m aintenance shou ld  be u n d e rta ke n  and th u s
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p re v e n te d  many daytim e breakdow ns.
The prob lem  w h ich p reven ted  an im p lem enta tion  be ing  u n d e rta ke n  was 
sim ple. The c ig a re tte  company management, a lth o u g h  a d m itt in g  th a t the  
e x p e rt was a "good g u y " , ju s t  d id  n o t u n d e rs ta n d  w h a t he d id  o r  how 
va lu a b le  was h is  expe rtise . In  fa c t i t  was q u ite  d i f f ic u l t  to  iso la te  him 
u n d e r th e  la y e rs  o f v e ry  p o lite  m anagers in  th e  fa c to ry .  F ra n k ly  speak ing , 
th e  man’s ra n k  (he was g raded as an a s s is ta n t fo rem an) d id  no t match h is 
ac tua l use fu lness  to the  company and nobody w ou ld  acknow ledge  th a t a 
w o rth w h ile  system  could, o r  ough t, to  be b u i l t  u s in g  h is  know ledge. H igher 
le ve l s ta f f  w ere  p reoccup ied  w ith  e labo ra te  " to p  dow n" m aintenance p lans 
w h ich  th e y  cons idered  shou ld  be the  basis o f any system  to  be im plem ented 
and w ere  un im pressed w ith  the  bottom  up " c r a f t  know ledge" o f th e  real 
e x p e rt. In  fa c t the  e x p e rt on ly  showed h is  notebooks and accum ulated wear 
da ta  to  the  a u th o r  a f te r  cons iderab le  t r u s t  had been es tab lishe d . Up to  
th a t  p o in t th is  m ateria l had been e n t ire ly  ig n o re d  b y  management.
In  sum m ary, an exce llen t p re v e n ta tiv e  m aintenance e x p e rt system  was neve r 
b u i l t  p u re ly  because th e  e xp e rt was in s u f f ic ie n t ly  ch e rish e d  by h is 
management. I t  was no t the  purpose  o f th is  resea rch  to  in v e s tig a te  the  
m erits , re w a rd s  and s ta tu s  o f in d iv id u a ls  in  o rg a n is a tio n s . I t  is  u n lik e ly  
th a t th e  a u th o r, whose business s ta tu s  was th a t o f  a system s ra th e r  than  
an o rg a n isa tio n a l consu ltan t, cou ld  have a ffe c te d  the  en trenche d  
u n d e rs ta n d in g  o f the  s ta tu s  o f the  e x p e rt in  th is  case. However, as a side 
conc lus ion  to  th is  in v e s tig a tio n  we m ust note  th a t  th is  case h ig h lig h ts  the  
p o te n tia l se rio u s  commercial costs and consequences re s u lt in g  from  s itu a tio n s  
w here  th e re  is  a m anagerial lack o f a p p re c ia tio n  o f th e  s k il ls  he ld by  more 
ju n io r  members o f the  w o rk fo rce .
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A dditional Comments
This  ta sk  is  v e ry  ty p ic a l o f many mechanical e n g in e e rin g  m aintenance tasks . 
D iagnostic  p rob lem  s o lv in g  is  v e ry  s tra ig h tfo rw a rd  in  c o n tra s t to  e le c tro n ic s  
m aintenance prob lem  s o lv in g  w here v isu a l d iagnosis  ca n n o t be app lied .
N everthe less mechanical wear necessita tes re g u la r  rep lacem ents (u n lik e  
e le c tro n ics  w here  "w e a r"  is  u n p re d ic ta b le  and c a ta s tro p h ic )  and th e re  is  
cons ide rab le  scope fo r  system s o p tim is in g  ro u tin e  and b reakdow n 
m aintenance.
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3.9 PERMANENT HEALTH INSURANCE
S ponsoring  O rgan isa tion
Th is  in it ia l in v e s tig a t io n  was a t th e  in v ita t io n  o f a UK in s u ra n c e  com pany. 
The p ro d u c tio n  o f q u o ta tio n s  fo r  perm anent hea lth  in s u ra n c e  was be lieved  
to re q u ire  co n s ide rab le  rea l expe rtise  and an a tte m p t to  s u p p o r t  th is  w ith  
an e x p e rt system  was cons ide red  v e ry  w o rth w h ile .
In tro d u c tio n
Most in s u ra n c e  re la ted  to  con tinued  personal good hea lth  is  l i fe  in su ra n ce , 
ie in su ra n ce  a g a in s t dea th  from  n a tu ra l o r  acc iden ta l causes. However, 
h ig h -e a rn e rs  and v ita l co rp o ra te  employees a re  o fte n  s u b je c t to  a fa r  less 
common fo rm  o f in su ra n ce , namely Perm anent Health In su ra n ce . T h is  is  an 
in su ra n ce  p r im a r ily  to  p ro te c t an in d iv id u a l a g a in s t be ing  unab le  to  fo llow  
his o r  h e r e x is tin g  occupa tion  as a re s u lt  o f unexpected hea lth  prob lem s.
Whereas l i fe  in su ra n ce , as described  in  th e  fo llo w in g  sec tion  on L ife  
U n d e rw r it in g , is  a rra n g e d  on the  basis o f exped iency w ith  co n s id e ra b le  
"a v e ra g in g "  o f  r is k s  o v e r  an immense num ber o f p o lic y  ho lde rs , perm anen t 
hea lth  in s u ra n c e  is a r ra n g e d  on th e  basis o f an a ccu ra te  assessm ent o f th e  
r is k s  in v o lv e d .
Th is re p o r t  co ve rs  o n ly  th e  In it ia l task  in v e s tig a t io n  and o u tlin e  know ledge 
a cq u is itio n . T h is  m a te ria l is  e n t ire ly  adequate  fo r  the  p u rp o se s  o f th is  
thes is  and a good u n d e rs ta n d in g  o f th e  e x p e rt 's  prob lem  s o lv in g  was
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a cq u ire d . N everthe less, the  key e x p e rt in v o lv e d  was p a r t ic u la r ly  re s is ta n t 
to  com pute r s u p p o rt system s and i t  was no t poss ib le  to  f u r th e r  the  
in v e s tig a tio n  tow ard  w ha t cou ld  have been the  basis o f a v e ry  p o w e rfu l and 
use fu l e x p e rt system.
A u th o r 's  Role
The a u th o r was so le ly  respons ib le  fo r  m aking th is  in v e s tig a t io n  and fo r  the  
an a lys is  o f th e  a cqu ired  know ledge.
O u tline  Task D escrip tion
The e x p e rt ta s k  is  to ana lyze the  r is k  o f in c a p a c ita tin g  hea lth  p rob lem s on 
a named in d iv id u a l and p re p a re  a quo ta tio n  fo r  c o ve r based on th e  lik e ly  
im pact on e m p lo ya b ility  and income.
Fo llow ing  re c e ip t o f a v e ry  de ta iled  proposal fo rm  th e re  is  in  n e a rly  a ll 
cases a fu l l  medical exam ination o f th e  a p p lic a n t (o fte n  in c lu d in g  X -ra ys , 
blood te s ts  e tc ) and th is  is  used b y  the  e x p e rt as a p a r t ia l bas is  o f h is 
q u o ta tio n .
Form o f In v e s tig a tio n
The ta s k  was in tro d u c e d  to  the  a u th o r as be ing o f cons id e ra b le  im portance  
b u t  co n fin ed  to  a v e ry  small num ber o f e xp e rt u n d e rw r ite rs  in  th e  company. 
Be fore  th is  in v e s tig a tio n  was un d e rta ke n  sen io r management be lie ved  th a t
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th e  u n d e rw r ite r 's  key e x p e rtis e  was in  th e  area o f in te rp re ta t io n  o f com plex 
medical re p o rts . As d iscussed  below, th is  b e lie f is  p ro b a b ly  fa lse .
A s h o r t  b r ie f in g  session w ith  a s u b o rd in a te  o f the  key e x p e rt was a rra n g e d  
b u t, in  the  m ain, a ll the  know ledge had to  be a cq u ire d  from  th e  ra th e r  
re lu c ta n t e x p e rt h im se lf. However, a lth o u g h  v e ry  n e g a tive  to  com pute r 
system s, he was v e ry  c o -o p e ra tiv e  d u r in g  th e  p ro tra c te d  s in g le  know ledge 
a c q u is itio n  session and, to g e th e r w ith  fo llo w -u p  access b y  te lephone, most 
o f th e  ava ilab le  core  s tra te g ic  problem  s o lv in g  know ledge was a cq u ire d .
F in d in g s  on N a tu re  o f Problem  So lv ing
As s ta ted  above, i t  was th o u g h t th a t th e  p r im a ry  aspect o f p rob lem  s o lv in g  
was in te rp re t in g  th e  le v e l o f  seriousness o f a dec la red (ie  on p roposa l fo rm ) 
o r  revea led  (ie  by  medical exam ination) medical hea lth  c o n d itio n .
However, a ltho ugh  th is  was im po rtan t, th e  hea lth  aspect was one o f a t le a s t 
fo u r  " in p u t  pa ram e te rs " w h ich  re q u ire d  q u a n tif ic a tio n  as in p u ts  to  a com plex 
com b ina to ria l e va lua tio n  upon which the  prem ium  was d ire c t ly  based.
The o th e r p r im a ry  in p u t  to  th is  com b ina to ria l eva lua tio n  was th e  le ve l o f 
r is k  due to  occupa tiona l, rec re a tiona l o r  re s id e n tia l fa c to rs . Thus a m in ing  
eng inee r, p o t-h o le r  o r  re s id e n t o f the  tro p ic s  could each be cons ide red  to  
have h ig h e r  than  norm al env ironm en ta l r is k s . ( In  th e  f i r s t  tw o cases such 
r is k s  a re  p u re ly  due to  th e  a c tiv it ie s  u n d e rta ke n ; in  th e  th ir d  case th e  
e x tra  r is k  is  p a r t ly  due  to  the  tro p ic a l e n v iro n m e n t (eg m ala ria  r is k s ) ,  
p o ss ib ly  due to  te rro r is m  o r  war in  c e rta in  c o u n tr ie s  and p a r t ly  due to  th e  
p o te n tia lly  s u b -s ta n d a rd  hea lth  care a va ila b le  in  th e  case o f illn e s s  o r
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in ju r y . )
The th ir d  in p u t  fa c to r  was an assessment o f the  im pact o f d is a b il i ty  on the  
a p p lic a n t's  a b i l i ty  to  w o rk . S eden ta ry  w o rke rs  (eg com pu te r p rog ram m ers) 
can to le ra te  a much h ig h e r  leve l o f d is a b ility  than manual o r  m obile w o rke rs . 
Thus p a rap leg ia  w ou ld  e ffe c tiv e ly  end the  ca ree r o f a o il r ig  e n g in e e r b u t 
m igh t have a much le s s e r e ffe c t on an a rch ite c t.
The f in a l,  and most s tra ig h tfo rw a rd , fa c to r  c o n tr ib u t in g  to  th e  dec is ion  
concerned th e  le ve l o f coverage re q u ire d . Thus the  p o lic y  m ig h t a llow  fo r  
fu l l  rep lacem ent o f a n tic ip a te d  e a rn in g s  o r some p ro p o rt io n a te ly  le s s e r sum 
ju s t  re fle c t in g  th e  u n d e r ly in g  in c a p a c ity  due to  i l l  hea lth . N everthe less, 
even in  th is  case, th e  p o lic y  m igh t allow  fo r  rep lacem ent o f e a rn in g s  and 
th is  w ould re q u ire  some ju dgem en t o f the  fu tu re  e a rn in g s  p o te n tia l o f the  
ap p lica n t.
The most im p o rta n t and d i f f ic u l t  aspect o f the  decis ion m aking  was in  th e  
com bination o f th e  re s u lts  o f the  in p u t  param eter e va lu a tio n s  to  make an 
assessment o f o v e ra ll r is k .  Because o f the  w ide range  o f com b ina tions o f 
the  fo u r  in p u t  param eters, w ith  th e  p rospe c t o f many "n o v e l"  cases, th e re  
was o ften  a need fo r  reason ing  from  f i r s t  p r in c ip le s  w ith  l i t t le  re liance  on 
experience  from  p re v io u s  cases. T h is  aspect is  cons ide red  fu r t h e r  in  the  
sections below.
Problem S tru c tu r in g  P rops (Tools and A ids)
As w ith  Commercial Business U n d e rw r it in g  the  p r in c ip le  s t r u c tu r in g  too l was 
im p lic it  in  th e  la y o u t o f th e  basis o f quo ta tion  on p la in  paper. N everthe less,
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th e  s tre n g th  o f th is  v ir tu a l too l, even th o u g h  i t  was use fu l, seemed fa r  less 
im p o rta n t than  in  Commercial Business U n d e rw r it in g  and, indeed , much o f 
th e  reason ing  was no t com m itted to  paper.
G eneric Data
The reco rd  o f p re v io u s  q u o ta tio n s  p ro v id e d  a l ib r a r y  upon w h ich  decis ion 
m aking on a c u r re n t  case cou ld  be based. Thus cases w h ich  had 
dem onstra ted  specia l m edical o r  e nv iro nm en ta l r is k s  and the  e x p e rt s ta te d  
th a t  these w ere  d raw n upon i f  these w ere enco un te red  aga in. However, 
th e re  was no p ro p e r system  fo r  accessing these cases and, when i t  was 
done, i t  re lie d  upon th e  e x p e rt 's  memory and was no t re liab le .
To a lim ite d  e x te n t spec ia l ra te s  tab les  w ere used fo r  ra tin g  uncom plica ted  
s in g le  r is k  fa c to rs . Thus a s tra ig h tfo rw a rd  "excess" could be app lied  to  a 
s tab le  d ia b e tic  p ro v id e d  th a t  th e re  were no com p lica ting  occupa tiona l o r  
o th e r  fa c to rs . However, such specia l ra te s  tab le s  were n o t e f fe c tiv e  in  
com bina to ria l r is k s  w here, in  the  w o rs t case, an es tab lished  hea lth  problem  
was lik e ly  to  be a g g ra va te d  by  a p a r t ic u la r  occupa tiona l r is k  and th a t th e  
re s u lta n t d is a b ility  w ould  be incom patib le  w ith  co n tin u e d  w o rk .
S pec ific  Data
The de ta iled  proposa l a p p lic a tio n  fo rm s and medical re p o rts , anno ta ted  w here  
necessary b y  th e  in s u ra n c e  com pany’s medical p ra c t it io n e r , w ere  the  sole 
sources o f case s p e c ific  data.
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Knowledge S o u rces
D iscre te  sources o f know ledge to  q u a n tify  the  hea lth , e n v iro n m e n ta l (ie  
occupa tiona l, re c re a tio n a l and residence) and occupa tiona l conse quen tia l 
r is k s  w ere em ployed. A fu r th e r ,  less extensive , sou rce  o f know ledge  is  
re q u ire d  to  eva lua te  le ve l o f coverage. The f in a l m a jo r sou rce  o f know ledge  
is  th a t re q u ire d  to  deal w ith  the  reason ing re q u ire d  to  com bine and eva lua te  
(o r  recogn ise) th e  p r im a ry  r is k  assessments and so p re p a re  a q u o ta tio n .
Q pen/C losed Problem
In  th e o ry  th e  prob lem  is  closed b u t the  v e ry  la rg e  com b in a to ria l m a tr ix  to  
co ve r th e  p o s s ib ilit ie s  a r is in g  from  the  p rim a ry  r is k  assessm ents makes i t ,  
in  p ra c tice , an open prob lem .
P ro a c tive /R e a c tive  Problem
The ta s k  is  so le ly  re a c tiv e  to  the  in v ita t io n  to  quo te .
Problem S o lv in g  A rc h ite c tu re
Perm anent Health In s u ra n c e  has an in it ia l resem blance to  Business 
Perform ance Assessment. Business Perform ance Assessm ent is  c h a ra c te r is e d  
by  M u ltip le  Simple Search w ith  Secondary Grand C onclusion. H owever th e  
conc lus ion  elem ent o f Perm anent Health Insu rance  is  t r u ly  co m b in a to ria l w ith  
many thousands o f poss ib le  com binations d e rive d  from  the  re s u lts  o f the
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p r im a ry  searches.
In  Perm anent Health In su ra n ce  the  p r im a ry  searches are  sha llo w  so, fo r  
in s ta n ce , the  "A g e " search has o n ly  a d e p th  o f one le ve l and m erely 
c la ss ifie s  the  a p p lic a n t in to  age bands. S im ila r ly  th e  "O ccu p a tio n " search 
has a maximum o f th re e  leve ls  o f dep th  and most occup a tions  a re  c la ss ified  
a t a s in g le  le ve l. However the  search tre e  is  v e ry  w ide. S im ila r ly  the  
"H obb ies and S p o rts "  tre e  has a maximum o f tw o  la y e rs  in  d e p th  (eg "R ugby 
U n ion " and "R u g b y  League" are dependen t on "R u g b y " , "R e g u la r"  and 
"H o lid a y " a re  depende n t on "S k iin g " )  b u t is  also v e ry  w ide.
i
The num ber o f com binations is  seem ing ly th e  p ro d u c t o f th e  num bers o,f 
te rm in a l nodes in  the  seven sub-dom ain s im p le  searches. T h is  can be 
cons ide red  as a seven-d im ensiona l m a trix  w he re  o n ly  a m in o r ity  o f th e  ce lls  
have know n va lues. In  th is  task  i t  appears th a t  nove l com b ina tions are 
e ith e r  re fu se d , d e a lt w ith  i f  c lose ly analogous to  a recogn ised  know n cell o r  
d e a lt w ith  from  f i r s t  p r in c ip le s . Th is  scheme o f prob lem  s o lv in g  is  la b o rio u s  
and o fte n  g ives  r is e  to  id io s y n c ra tic  re s u lts .
Perm anent Health In s u ra n c e  is  i l lu s tra te d  on th e  ne x t page: ^
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PERMANENT HEALTH INSURANCE
PERMANANENT HEALTH 
INSURANCE GOAL
(GE SEX MARITAL HEALTH OCUPATIONAL SPORT
RESIDENCE NE 
HOBBY RISK
nual Cle^sal etc
St Cancer etc
OCCUPATIONAL COVER
Manual Clei %il etc
ScK^r Iran Gliding etc
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Diagram matic R epresen ta tion  o f Problem S o lv ing  Components
Th is  ta sk  is  s tra ig h t fo rw a rd  to  re p re s e n t as components. As seen be fore , 
th e re  is  g lobal data  a c q u is itio n  (m ost o f which is  encoded on th e  app lica tio n  
fo rm ) fo llo w in g  w h ich  th e  u n d e rw r ite r  cons iders  each o f th e  sub-dom ains. 
For in s tance , he w ill reach separa te  conclus ions on the  a p p lic a n ts 's  hea lth , 
w o rk in g  r is k s , w o rk  requ ire m en ts , l ik e ly  fu tu re  e a rn in g s  e tc. Once these 
p r im a ry  elements o f a decis ion are  assembled, th e  u n d e r w r ite r  w ill a tte m p t  
to  combine them a ll in to  a s in g le  conclusion re s u lt in g  in  a prem ium . 
A lth ough  the  in d iv id u a l sub-dom ain  problem  so lv ing  is  e legan t, i t  is  th is  
la t te r  "m assive co m b in a to ria l"  p a r t  o f th e  decision m aking th a t  we fee l is  no t 
v e ry  well p r in c ip le d .
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Commercial Im plem entation Details
A lth o u g h  a te n ta tiv e  im p lem enta tion  des ign  was proposed in  advance o f 
de ta iled  know ledge a cq u is itio n  th e  a u th o r  is  no t conv inced  th a t  an e x p e rt 
system  could e v e r be im plem ented fo r  th is  a p p lica tio n . However, i f  f u r th e r  
in v e s tig a tio n  showed th a t such a system  w ere a c tu a lly  feas ib le , i t  would 
appear th a t an e x p e rt system  in  th is  area cou ld  bo th  be v e ry  c o s t-e ffe c t iv e  
and ra d ic a lly  im prove  accu racy  o f q u o ta tio n . These e ffe c ts  w ould  be 
p a r t ic u la r ly  a p p a re n t as the  system  m atured and the  know ledge base 
expanded to encompass p r in c ip le d  eva lu a tio n s  o f th e  w ide range  o f r is k  
com binations in v o lv e d .
In  th e  p a r t ic u la r  case here  re p o rte d  th e  e x p e rt was ra th e r  unco ope ra tive  
and fu ll o f h is own se lf- im p o rta n ce . However, he was v e ry  a u th o r ita t iv e  and 
was p repa red  to  exp la in  how he w o rked . The prob lem  was th a t  he was 
re q u ire d  to  add ress co m b in a to ria lly  m assive prob lem s w ith  l i t t le  ev idence  o f
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any rea l basis fo r  h is decis ions. For ins tance : r
"W hat is  th e  like lih o o d  o f th is  man, hav ing  th is  s p e c if ic  medical 
h is to ry , w ill s u f fe r  some illn e s s  as a re s u lt  o f  h is  p a r t ic u la r  
occupa tion  o r  rec re a tion  and how would th is  a f fe c t h is  a b i l i ty  
to  do h is  p a r t ic u la r  jo b  and fo r  how long a t w h a t expected 
fu tu re  s a la ry  o v e r th is  pe rio d ? "
Perhaps u n k in d ly  the  im press ion  was gained th a t some dec is io ns  w ere  made 
on a ra th e r  a r b it r a r y  basis. However, s ince th e  c ircum sta nces  o f each case 
were so d if fe re n t  i t  is  u n lik e ly  th a t th e  prem ium s w ould be checked a g a in s t 
each o th e r. In  e ffe c t th e  e x p e rt was ac tin g  as a "w ise  and unquestioned  
a u th o r i ty "  (s in ce  someone had to  se t prem ium s) b u t, a p a r t  from  genera l 
p r in c ip le s  and a few  well known cases (o ften  in v o lv in g  th e  consequences o f 
back prob lem s) most o f the  decis ion m aking was ra th e r  "u n s c ie n t if ic "  and 
most cases w ere  un ique  cases from  an immense re p e r to ire  o f poss ib le  
com binations o f hea lth , occupationa l and o th e r c ircum stances.
Perm anent Health In su ra n ce  is  a p o te n tia lly  v e ry  w o rth w h ile  area fo r  th e  
s tu d y  o f prob lem  so lv ing . N everthe less, as a com mercial p rospe c t, th e  
a u th o r  found  i t  was im possib le  to  conv ince  h im self o r  th e  sponsors  th a t a 
system  cou ld  be im plem ented and th e  in v e s tig a tio n  was abandoned.
A d d itio n a l Comments
The a u th o r 's  o ve ra ll reaction  to  th is  ta sk  is  th a t i t  is  one o f th e  more 
d i f f ic u l t  th a t  he has in v e s tig a te d . A p a rt from  th e  s k i l l  in  assessing the  
hea lth  and env iro nm en ta l r is k s  etc, th e re  was a real re q u ire m e n t to  reason
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from  f i r s t  p r in c ip le s  on th e  im pact o f e n v iro nm en ta l fa c to rs  on any  hea lth  
r is k  co n d itio n  and, th e n , to  assess the  p o te n tia l r is k  o f d is a b il i ty  on 
e m p lo y a b ility . U n lik e  many o th e r ta sks  in v e s tig a te d , th e  poss ib le  
com binations o f fa c to rs  a re  so g re a t th a t th e re  is  lim ite d  o p p o r tu n ity  to  ca ll 
upon th e  experience  o f p re v io u s  cases.
A lth o u g h  the  task  was d i f f ic u l t  (and pe rhaps  because o f th is  fa c to r) ,  th e  
lim ite d  o p p o r tu n ity  to  in v e s tig a te  i t  d id  no t leave th e  im press ion  th a t  i t  was 
p a r t ic u la r ly  w ell execu ted . Or, more c o rre c tly ,  i t  was no t o b v io u s  th a t i t  
was w e ll executed. A lth o u g h , as s ta ted  above, th e re  was a need to  reason 
from  f i r s t  p r in c ip le s , th e  e x p e rt d id  no t have any rea l th e o ry  upon w h ich  
to  base h is reason ing .
In s te a d , th e re  seemed to  be a u n ive rsa l re liance  on "ad hoc re a so n in g ", 
p e rhaps  us ing  rough  ru le s  o f com bination, fo r  e v e ry  case th a t cou ld  no t be 
d ire c t ly  o r  in d ire c t ly  re la te d  to  a p re v io u s  case. In  s h o r t  th e re  seemed to  
be cons ide rab le  " f in g e r  in  the  a ir "  guessw ork  h ig h ly  p ro te c te d  b y  a web o f 
p ro fess io na l m ystique . The anomalies re s u lt in g  from  th is  gue ssw o rk  w ere 
to  be fo u n d  in  those examples w here n e a rly  s im ila r  s itu a tio n s  re s u lte d  in  
v e ry  d if fe re n t  q u o ta tio n s . The e xp e rt f re e ly  adm itted  th a t such s itu a tio n s  
w ere  n o t uncommon.
T h is  is  th e  o n ly  ta sk  th a t  th e  a u th o r has in v e s tig a te d  w here  he w ou ld  have 
lik e d  to  recommend a te s t o f the  e x p e rt ’s a b ilit ie s . Thus he w ou ld  have 
lik e d  to  p re s e n t a te s t in v o lv in g  some v e ry  s im ila r p a irs  o f r is k s  to  
de te rm ine  the  accu racy  (o r, more s t r ic t ly ,  r e l ia b i l i ty )  o f th e  e x p e rt 's  
ju dgem en t. A lte rn a tiv e ly ,  a re tro s p e c tiv e  scan o f p re v io u s ly  assessed  oases  
m igh t have been used to  the  same e ffe c t.
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Had an e x p e rt system  been im plem ented th e re  w ould have been an abso lu te  
need to  o r ig in a te  a " th e o ry  o f perm anen t hea lth  in s u ra n c e " to  embed in  i t .  
There  is  c e r ta in ly  an inadequa te  se t o f examples to  ju s t  use a re co g n itio n  
system . The deve lopm ent o f such a th e o ry , even i f  no t used to  b u ild  an 
e x p e rt system, w ould seem to  be v e ry  much needed in  th is  area o f 
insu rance .
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3.10 LIFE UNDERWRITING
S ponsoring  O rgan isa tion
The im p lem entation was sponsored by  a m a jo r UK l i fe  in su ra n ce  company.
In tro d u c tio n
L ife  in s u ra n c e  is  in c re a s in g ly  p o p u la r p a r t ic u la r ly  when associated w ith  
house purchase . The spon so ring  o rg a n isa tio n  w ere  faced w ith  an increase  
in  bus iness and d if f ic u lt ie s  in  re c ru it in g  s k il le d  s ta f f .  Also as a re s u lt  o f 
com petition  from  o th e r agencies th e re  was also a re q u ire m e n t to  u n d e rta ke  
a p ro p o rt io n  o f the  u n d e rw r it in g  o f new bus in e ss  away from  th e  company 
h e a d q u a rte rs  so as to  o f fe r  immediate q u o ta tio n s  and c o ve r a t th e  com pany's 
b ranches. These fa c to rs  m otivated the  su cce ss fu l im plem enta tion  o f th e  l i fe  
u n d e rw r it in g  e x p e rt system .
A u th o r 's  Role
The a u th o r und e rto o k  th e  in it ia l stages o f know ledge  a c q u is itio n  and scop ing  
fo r  th is  m a jo r m u lt i-u s e r  im plem entation. However, a lth o u g h  he managed the  
im plem entation p ro je c t he was no t respon s ib le  fo r  th e  de ta iled  im plem entation 
o f th e  re s u lta n t system . T h e re fo re  th e  fo llo w in g  re p re s e n ts  his 
in v e s tig a tio n  o f how human expe rts  u n d e rta k e  th is  ta s k  ra th e r  than  the  
sp e c ific s  o f th e  commercial im plem entation.
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Outline Task D escription
The task, w h ich  is  th e  p ro v in c e , o f m idd le -ra nked  s ta f f  in  a l i fe  
u n d e rw r it in g  depa rtm en t, is  to  ana lyze a li fe  in su ra n ce  p roposa l, in it ia te  
f u r th e r  medical and o th e r  e n q u ir ie s  w here necessary and p re p a re  a prem ium  
q uo ta tion . .
Form o f In v e s tig a tio n
The core know ledge a c q u is itio n  was unde rtaken  w ith  a s e n io r l i fe  
u n d e rw r ite r  who was bo th  experienced  w ith  th e  c u r re n t  methods em ployed 
and who was also fu l ly  b r ie fe d  b y  h is s u p e rio rs  as to  th e  com mercial 
requ ire m en ts  o f th e  e ve n tu a l e x p e rt system. N everthe less, as d e sc rib e d  
below in  the  commercial im p lem enta tion  section, th e re  rem ained fo r  some tim e 
a mismatch between the  d e s ire  the  m anagerial des ire  to  o b ta in  th e  maximum 
sens ib le  tra n s a c tio n  ra te  and the  u n d e rw r ite r 's  des ire  to  make th e  bes t 
poss ib le  eva lua tions  o f th e  liv e s  in s u re d .
L a te r know ledge a c q u is itio n , w h ich  was not und e rtaken  b y  th e  a u th o r, was 
c o n s id e ra b ly  tim e consum ing and de ta iled  and was la rg e ly  conducted  on a 
segmented basis to  popu la te  the  p re v io u s ly  w e ll- id e n tif ie d  areas o f th e  
know ledge base. O the r e xp e rts  were also used a t th is  la te r  s tage  o f 
know ledge a c q u is itio n .
The la te r  im p lem enta tion  stages were v e ry  much p reoccup ied  w ith  in te g ra t io n  
and perfo rm ance  issues  and res idu a l know ledge a c q u is itio n  was e n t ire ly  
ro u tin is e d  and u n d e rta ke n  b y  ju n io r  s ta ff  o f the  sponsor.
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F ind ings on N ature of Problem Solving
The task  commences w ith  a l i fe  in su ra n ce  a p p lica tio n  fo rm  su b m itte d  b y  the  
a p p lic a n t e ith e r  d ire c t ly  o r  v ia  an in s u ra n c e  b ro k e r . The e x p e rt s c ru tin is e s  
th e  va rio u s  f ie ld s  on th e  fo rm  (eg hea lth , occupa tion  e tc ) lo o k in g  fo r  any 
e n tr ie s  th a t w ill e ith e r  necess ita te  re fe r ra l fo r  fu r th e r  e n q u ir ie s  (eg a 
medical check o f th e  a p p lic a n t)  o r  fa c to rs  th a t  w ill p re c lu d e  in s u ra n c e  be ing  
g iven  (eg re ce n t cance r e tc ).
I f  th is  s c ru t in y  does no t in d ic a te  re fu sa l o r  re fe r ra l th e  e x p e rt w ill e ith e r  
quo te  normal ra tes  fo r  th e  a p p lic a n t's  age and sex o r  w ill quo te  a ra te  
based on normal ra te s  w ith  a pe rcen tage  "excess" loaded to  re f le c t a 
p e rce ived  ad d itio n a l r is k .
The e x is tin g  manual ta s k  is  su p p o rte d  b y  a m ainfram e com pute r system  
w here the  core d e ta ils  o f th e  a p p lic a n t a re  k e p t on a database also used to  
re co rd  the  e x p e rt 's  q u o ta tio n  o r  re fu sa l. T h is  com pute r system  i s ‘ fu l ly  
in te g ra te d  w ith  the  e ven tua l in su ra n ce  prem ium  co llec tion  system  fo r  
a p p lica n ts  e v e n tu a lly  accepted fo r  in su ra n ce .
Problem S tru c tu r in g  P rops (Tools and A ids)
The l i fe  in su ra n ce  a p p lica tio n  fo rm  is  th e  p r im a ry  docum ent used to  
s t ru c tu re  the  problem  so lv in g . The com pute r system  co n ta in in g  some o f the  
d e ta ils  is  m ain ly used ju s t  as a re c o rd in g  medium fo r  th e  f in a l decis ions. 
The fo rm  was ro u t in e ly  anno ta ted  as p a r t  o f th e  problem  s o lv in g . F u r th e r , 
in  e xp la in ing  th e ir  a c t iv i ty  e xp e rts  w ould  c o n s ta n tly  use th e  app lica tio n  
fo rm , p o in tin g  to  th e  v a r io u s  re p ly  f ie ld s  and in d ic a tin g  "h id d e n  lin e "
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in te r re la tio n s h ip s  between them.
G eneric Data
P hysica l gen e ric  data consis ted  o f " l i fe  ta b le s " in d ic a tin g  th e  a c tu a r ia lly  
a p p ro p ria te  prem ium  ra tes  fo r  norm al r is k  a p p lica n ts  o f bo th  sexes and 
v a r io u s  ages. S u b s id ia ry  tab les  w ere also used to  de te rm ine  th e  c o rre c t 
percen tage  excesses fo r  p a r t ic u la r  r is k s  and d e ta ils  o f those  r is k s  w h ich 
m ust be met w ith  a re fu sa l to  quote .
R isk A p p lica n t S te reo tvpes
A n o th e r fo rm  o f ra th e r  un ique  "g e n e r ic  da ta " was used to  s u p p o r t th is  task . 
I t  was not phys ica l data lik e  th a t fo u n d  above o r  in  many o f the  o th e r 
ta sks  b u t cons is ted  o f a shared  se t o f " r is k  a p p lic a n t s te re o ty p e s ".
U n d e rw r ite r  t ra in in g  is  la rg e ly  by  p ro fess io na l exam inations and 
"a p p re n tic e s h ip "  to  more experienced u n d e rw r ite rs . D u ring  th is  
a p p re n tic e s h ip  and d u r in g  th e ir  ongo ing  ca ree r, u n d e rw r ite rs  come to  share  
a se t o f s te re o typ e s  such as " th in  teache r ty p e "  o r  "o v e r  40 occupationa l 
d r in k  r is k  ty p e " . U n d e rw r ite rs  d iscuss  a p p lica n ts  w ith  th e ir  co lleagues in  
d e s c r ip t iv e  s te re o typ es  o r  v a r ia n ts  o f these. The s te re o ty p e  d e s c r ip tio n s  
a re  also occasiona lly  used as anno ta tion  on app lica tio n  fo rm s to  help in  th e  
c la ss ifica tio n  process.
The f i r s t  o f these s te re o typ es , th e  " th in  teache r ty p e "  re fe rs  to  an 
endom orph ic  teacher (o r  person in  a s im ila r social o r  occupa tiona l ca te g o ry )
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who is  l ik e ly  to  s u f fe r  from  depression and th e re fo re  has an in c rea sed  r is k  
o f su ic ide . The second re fe rs  to  an a p p lic a n t w ith  a fa i r ly  h ig h  alcohol 
in ta k e  who is  o ccup a tiona lly  v e ry  exposed (eg barm an o r  salesman) to  
a lcohol as p a r t  o f h is  jo b  and, as a re s u lt,  has a h ig h e r  r is k  o f c ir rh o s is  
o f th e  l iv e r .
A lth o u g h  th e  se t o f s te re o typ es  ( in c lu d in g  many male homosexual 
s te re o typ e s , such as h a ird re sse rs  and "p e r fo rm e rs " , suggested  to  be a t r is k  
from  AIDS) is  no t w r it te n  down i t  fo rm s a p o w e rfu l se t o f da ta  (pe rhaps  
w h ich  can be cons idered  as a problem  s o lv in g  p ro p )  upon w h ich  c e rta in  
ca tego ries  o f a p p lic a n t are re g u la r ly  c la s s if ie d . Such c la s s if ic a tio n s
sometimes re s u lt  in  a d ire c t re fu sa l o r lo a d in g  b u t, more o fte n , fo rm s a 
h yp o th e s is  w h ich  is  la te r  con firm ed o r  re je c te d  on th e  bas is  o f  medical o r  
in te rv ie w  re p o rts .
S p e c ific  Data ^
The a p p lica tio n  fo rm , a p a rt from  its  problem  s t r u c tu r in g  ro le , also fo rm s the  
p r im a ry  s p e c ific  da ta  on the  case. S econdary a p p lic a n t-s p e c if ic  data is  
p ro v id e d  b y  medical and in te rv ie w  re p o rts  w here  these  have been soug h t 
as a re s u lt  o f  conce rns  ra ised on the  basis o f in fo rm a tio n  on th e  app lica tio n  
fo rm .
Knowledge Sources
T hree  sepa ra te  f ie ld s  o f know ledge are used in  m aking th e  quo ta tion  
dec is ion . F irs t ,  and su p p o rte d  by  tab les, a c tu a r ia l know ledge is  used to
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assign the  normal prem ium  fo r  a p p lic a n t age and sex. Second, know ledge 
concerned w ith  th e  in te rp re ta t io n  o f medical h is to ry  dec la red on the  
app lica tion  fo rm , o r  o f  re p o r ts  from  medical exam inations, is  used to  
de term ine medical r is k s . The th ir d  f ie ld  o f know ledge conce rns r is k s  th a t 
m igh t ensue from  th e  a p p lic a n ts  e n v iro n m e n t o r  a c t iv ity .  Thus occupa tiona l 
r is k s , r is k s  due to  s p o r ts  o r  hobb ies and r is k s  due to  res idence  in  a 
fo re ig n  c o u n try  a re  covered  by th is  know ledge.
Open/Closed Problem
L ife  u n d e rw r it in g  can be cons ide red  as an " a r t i f ic ia l ly  c losed" problem . 
Thus, a lthough  a ll p o te n tia lly  in s u ra b le  l i fe  r is k s  are p resen ted  to  the  
expe rt, he w ill o n ly  p u rs u e  those w h ich  can be ca tegorised  as "n o rm a l"  o r  
"n e a r norm al". Thus in s u ra n c e  w ill be re fused  un less an a p p lic a n t has no 
a p p a re n t r is k  o r  possesses o n ly  a m ild r is k  (o r r is k  com bination) w h ich  can 
be eas ily  f i t te d  in to  one o f a p re -e x is t in g  se t o f ca tegories. Thus the  
p o ten tia l "openness" o f the  problem  is  removed to  leave ju s t  a res idua l 
closed se t o f r is k s  each w ith  its  associated prem ium excess.
Th is  is  in  c o n tra s t to  Perm anent Health In su ra n ce  where, a lth o u g h  s t i l l  
s t r ic t ly  closed, th e  prob lem  is  much more lik e  an open problem  and in c lu d e s  
many o f the  h ig h e r r is k  ca tegories  and com binations a r t i f ic ia l ly  excised from  
L ife  In su ra n ce  U n d e rw r it in g .
P roac tive /R eac tive  Problem
The problem  so lv in g  is  so le ly  re a c tiv e  to  the  p resen ted  d e ta ils  on the
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a p p lica tio n  form .
Problem S o lv ing  A rc h ite c tu re
In  Perm anent Health In s u ra n ce  th e re  was th e  p o s s ib il ity  o f any one o f an 
immense num ber o f "d iagno ses" re s u lt in g  from  th e  com binations o f the  
m u ltip le  p r im a ry  searches. L ife  U n d e rw r it in g  has an a p p a re n tly  s im ila r 
s ta r t in g  p o in t to  Perm anent Health In s u ra n c e . A lso, and u s e fu lly  fo r  
com parison, th e  exem plar tasks. L ife  U n d e rw r it in g  and Perm anent Health 
In s u ra n c e  co ve r v e ry  s im ila r domains. Both assess hea lth  r is k s  and th e ir  
p o te n tia l fu tu re  consequences to  an in d iv id u a l.  In  L ife  U n d e rw r it in g  the  
r is k  is  assessed in  respec t o f dea th . In  P erm anent Health In s u ra n c e  the  
r is k  is  p r im a r ily  assessed in  respec t o f in a b i l i t y  to  w o rk  and ob ta in  income.
However L ife  U n d e rw r it in g  and Perm anent Health In s u ra n c e  d i f fe r  w ide ly . 
In  L ife  U n d e rw r it in g  th e re  is  a r t i f ic ia l ( ie  in s t itu t io n a lis e d )  c o n s tra in t both 
a t th e  p r im a ry  search conc lus ions and a t th e  " g ra n d "  f in a l conc lus ion . 
These c o n s tra in ts  se rve  to  v e ry  e f fe c t iv e ly  l im it  th e  e ffe c t o f com bina to ria l 
exp losion and make the  ta s k  manageable and re p ro d u c ib le  on a ro u tin e  basis.
In  L ife  U n d e rw r it in g  s ix  o f the  search sub -dom a ins  a re  common to  those in  
Perm anent Health In su ra n ce . (The seven th  sub -do m a in . O ccupational Need, 
is  n o t re le v a n t since d ea th  is  100% o ccu p a tio n a lly  d is a b lin g .)
N everthe less, a ltho ugh  th e  sub-dom ains are  in  common the  search o f each 
re s u lts  in  v e ry  sim ple "d iagno ses" w h ich  a re  com bined la rg e ly  on th e  basis 
o f maximum sub-dom ain  r is k  to  fo rm  the  o v e ra ll accep t, a d ve rse ly  ra te  o r 
re je c t  conclusion . A few  com bina to ria l conc lus ions  c ro s s in g  more than  one
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sub-dom ain  a re  a llowed fo r  on an in d iv id u a l basis. Thus an occupa tion  o f 
m iner coup led w ith  age o v e r f o r t y - f iv e  would t r ig g e r  a specia l lo a d in g  due 
to  th e  e x tra  r is k  o f death from  pneum oconiosis in  o ld e r m iners.
L ife  U n d e rw r it in g  is  i l lu s tra te d  on the  next page.
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Diagram m atic R epresentation o f Problem S o lv ing  Components
Fo llow ing th e  now common com ponent o f Global Data A c q u is itio n , th e re  is  
in d e p e n d e n t sub-dom ain  search in  th e  fie ld s  o f Health, Job and o th e r  r is k s . 
To a la rg e  e x te n t the  conc lus ions from  these searches a re  co n s tra in e d  to  
s im ple bands. Combination o f the  r is k s  is  also c o n s tra in e d  and, ra th e r  than  
face a m assive com bina to ria l problem  as w ith  Perm anent Health In su ra n ce , 
the  L ife  u n d e rw r ite r  m ere ly in s u re s  th e  l i fe  on th e  bas is  o f th e  w o rs t 
lo a d in g  from  any o f the  sub-dom ains. I f  any unwelcome com b ina tions  o ccu r 
then , un less th e y  are  common sim ple cases such as those  d iscussed  above, 
the  p roposa l is  usu a lly  re je c te d .
Global In it ia l Search Domain P rim a ry  Secondary
Data Problem P re - Search C onclus ions Conclusions
A c q u is itio n  A na lys is  C o n s tra in in g
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C onclusions
Commercial Im plem entation Details
A system  was im plem ented on an IBM 3090 m ainframe u n d e r IMS f i r s t  us ing  
IBM 's ESE (E x p e rt Systems E nv ironm en t) and was la te r  p o rte d , to  im p rove
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m u lt i-u s e r  perfo rm ance , to  Aion C o rp o ra tio n ’s ADS. I t  is  s u c c e s s fu lly  in  use 
s u p p o r tin g  o v e r a h u n d re d  sim ultaneous users. The fo llo w in g  fa c to rs  w ere 
im p o r ta n t fo r  th e  com mercial success o f th e  im p lem enta tion .
In  te rm s o f th e  ac tua l e x p e rt system  Its e lf,  i t  took  some tim e to  a p p re c ia te  
th a t  se n io r management were aware o f a tra d e o ff  between th e  e f fo r t  to  
u n d e rw r ite  a l i fe  p roposa l (in  term s o f th e  g ra d e  o f u n d e rw r it in g  s ta f f  
in v o lv e d  and tim e ta ke n ) and the  accu racy o f th e  proposa l e va lu a tio n . In  
th e  main i t  was th e  in te n tio n  to  u n d e rw r ite  most liv e s  on s ta n d a rd  ra te s  (o r  
commonly used specia l ra te s  to  allow  fo r  common medical c o n d itio n s  o r  r is k y  
h o b b ie s /o ccu p a tio n s ) w ith  the  minimum e f fo r t  b u t  to  e n su re  th a t  specia l 
"h id d e n "  r is k s , such as AIDS o r alcohol re la te d  illnesses, w ere  p ro p e r ly  
id e n t if ie d  and the  a p p lic a n ts  re fe rre d  fo r  f u r th e r  medical exam ination.
T h is  u n d e rs ta n d in g  was n o t p ro p e r ly  app re c ia ted  b y  the  u n d e rw r ite rs  who 
cons ide red  th a t  th e y  had a d u ty  to  make th e  b e s t poss ib le  e va lu a tio n  o f 
e v e ry  l i fe  even i f  th is  slowed down th e ir  w o rk . In  p ra c tic e  th e  management 
v iew  makes sense s ince  the  less se rious r is k s  even o u t o v e r th e  la rg e  
num ber o f liv e s  u n d e rw r it te n . As a re s u lt  th e  e x p e rt system  had to  o f fe r  
a v e ry  ra p id  tra n s a c tio n  ra te  fo r  the  m a jo r ity  o f  liv e s  w ith  re fe r ra l fo r  
medical exam ination o f th e  m in o rity  o f susp ic io us  cases.
The system  had to  be p ro v id e d  on the  m ainfram e and had to  be seem lessly 
in te g ra te d  to  the  database and o th e r so ftw a re  used to  manage th e  l i fe  
bus iness. For in s tan ce , once a ra te  had been es tab lishe d , th is  had to  be 
passed to  the  system  th a t  generated the  o f fe r  le t te r  to  the  a p p lic a n t and 
to th e  system  th a t w ou ld  e v e n tu a lly  co llec t prem ium s o ve r th e  w o rk in g  l i fe  
o f th e  a p p lica n t. T he re  was th u s  cons ide rab le  im p lem enta tion  w o rk  re q u ire d  
to in te g ra te  th e  system  w ith  e x is tin g  m ainfram e a p p lica tio n s  and databases.
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Also, since the  m ainfram e a p p lica tio n  su p p o rte d  a conve n tiona l "g reen  
sc reen " dumb te rm in a l i t  was essen tia l to  p ro v id e  a com patib le  in te r fa c e  to  
th e  e x p e rt system . Thus use rs  w ere p resen ted  w ith  th e ir  usual low  q u a lity  
fo rm  o f in te ra c tio n  w ith  the  m ainfram e and the  appearance o f th e  e x p e rt 
system  d id  no t c o n f lic t  w ith  th e  appearance w ith  the  re s t o f the  
u n d e rw r it in g  system .
The e x p e rt system  im plem enta tion  was reasonab ly s tra ig h t fo rw a rd  in  te rm s 
o f com plexity  b u t  took  ra th e r  lo n g e r than  p lanned due to  th e  co m p a ra tive ly  
low  p ro d u c t iv ity  o f the  m ainfram e too l used.
A se rious problem  arose as a re s u lt  o f the  use o f IBM 's ESE m ainfram e 
e x p e rt system she ll. T h is  w o rked  v e ry  well fo r  s ing le  use rs  b u t  th e  la ck  
o f re -e n tra n t code, bo th  to  s u p p o r t  th e  in fe re n c e  eng ine and th e  know ledge 
base, re su lted  in  th e  abandonm ent o f ESE in  fa v o u r  o f A ions 's  ADS. There  
is  no t much expe rience  o f m ainfram e tra n sa c tio n  p rocess ing  e x p e rt system s 
re ly in g  on the  m ainfram e eng ine .
Most e xp e rt system s a p p lica tio n s  in v o lv in g  th e  m ainfram e re ly  on an 
a ttached  PC o r  UNIX w o rk s ta tio n  s u p p o rtin g  each use r as an in te l l ig e n t  
te rm in a l o r, as in  th e  well known Am erican Express c re d it  ca rd  ap p lica tio n , 
re ly  on the  m ainfram e accessing a "d a rk  screen " a ttached w o rk s ta tio n  to  
deal w ith  the  m in o r ity  o f tra n s a c tio n s  re q u ir in g  access to  th e  e x p e rt system . 
The l i fe  u n d e rw r it in g  system  re q u ire s  use o f the  e xp e rt system  to  com plete 
e v e ry  tra n sa c tio n  and, w ith  in  excess o f f i f t y  c o n c u rre n t users , specia l 
cons ide ra tions  in  respec t o f m u lt i-u s e r  s u p p o rt had to  be s e r io u s ly  
addressed.
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A dditional Comments
As id e n t if ie d  above, one o f the  prim e c h a ra c te r is t ic  o f th is  ta s k  is  th a t 
th e re  is  a tendency  tow ards  exped iency a t th e  expense o f accu racy  o r  
com pleteness. Thus, many th e o re tic a lly  in s u ra b le  a p p lica n ts  a re  re fu sed  
c o v e r so le ly  because th e ir  r is k  s itu a tio n  w ou ld  ta ke  too long  to  p ro p e r ly  
assess. S im ila rly , q uo ta tio ns  are u su a lly  made in  o n ly  th re e  o r  fo u r  bands, 
ie  norm al, +10%, +20% etc. Th is  fa ir ly  cou rse  ca te g o risa tio n  is  adequate 
w he re  actua l r is k s  a re  averaged between a v e ry  h ig h  num ber o f in s u re d  
persons.
The coarseness o f the  ca tego risa tion  and th e  re fu s a l o f a ll excep t normal o r  
nea r-no rm a l r is k s  enables the  company to  deal w ith  a m assive num ber o f 
a p p lica tio n s  us ing  o n ly  m oderate ly s k ille d  s ta f f  in  th e  u n d e rw r it in g  
departm en t. The fa c t th a t the  e x p e rt system  fo llo w s  th is  p h ilo so p h y  was a 
key to  i t s  success and i t  is  necessary to  id e n t i f y  th is  " ra p id  s a tis f ic in g  
re q u ire m e n t" fa c to r  in  s im ila r app lica tions .
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13.11 SMALL BUSINESS GUIDANCE 
S ponsoring  O rgan isa tion
Th is  in v e s tig a tio n  and re s u lta n t system  was sponsored by a G overnm ent 
A gency w ish in g  to  o f fe r  a fre e  p u b lic  s e rv ic e  o f gu idance to  small 
businesses.
In tro d u c tio n
Small businesses (d e fin e d  as in v o lv in g  between f iv e  to  one h u n d re d  pe rsons) 
s u f fe r  a h igh  fa ilu re  ra te  and the  in te n tio n  was to  p o in t to  weaknesses and 
o p p o rtu n it ie s , p a r t ic u la r ly  those th a t  cou ld  be reso lved  b y  t ra in in g .
A u th o r ’s Role
The a u th o r u n d e rto o k  th e  re q u ire m e n ts  a n a lys is  fo r  the  proposed system , 
c o n tr ib u te d  to  e a r ly  know ledge a c q u is itio n  and le d  and made th e  m ajor 
c o n tr ib u tio n  to  th e  team u n d e rta k in g  th e  system  design . He was no t 
p e rs o n a lly  re sp o n s ib le  fo r  the  la te r  de ta iled  know ledge a c q u is itio n  o r  the  
fu l l  system  im plem enta tion .
O u tline  Task D e scrip tion
The ta sk  is  to  make a re p o r t  on a small bus iness. The ta s k  e x p e rt is  
u su a lly  an expe rienced  accoun tan t w ith  specia l know ledge o f th e  prob lem s
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o f small business. The ta s k  in v o lv e s  d iagnos tic , a d v is o ry  and re fe r ra l 
s k il ls .  Thus the  e x p e rt may d is c o v e r o r  q u a n tify  a bus iness problem , o f fe r  
im m ediate remedial adv ice  o r, i f  th e  problem  is  specia lised  and o u ts id e  h is  
experience, make a re fe r ra l to  a f u r th e r  spec ia lis t.
Form o f In v e s tig a tio n
F ou r p r in c ip a l and severa l s u b s id ia ry  e xp e rts  were em ployed in  th is  
in v e s tig a tio n . Th is  was because th e  range  o f e x p e rts ’ s ty le  and know ledge 
v a r ie d  cons ide rab ly  more g re a tly  than  in  any o f th e  o th e r tasks  
in v e s tig a te d . The re  is  no accepted t ra in in g  o r  b a ckg ro u n d  fo r  the  ta s k  o f 
small business gu idance and, a lth o u g h  most o f th e  p ra c t it io n e rs  are  
accoun tan ts , th e y  v a ry  w id e ly  in  th e  way th e y  u n d e rta k e  the  task .
To be spec ific , one e x p e rt cou ld  be bes t desc rib ed  as a ’’ th e o re tic ia n ’’ w ith  
a w e ll-deve loped  th e o ry  o f how small businesses shou ld  fu n c tio n . A no the r, 
whom we re fe r  to  as th e  "c o u n s e llin g  e x p e rt" , was p a r t ic u la r ly  able to 
co n d u c t a sym pa the tic  and e ffe c tiv e  d ia g n o s tic  d ia logue  w ith  th e  
ow ner-m anagers  o f small businesses. ("O w ner-m anage r" is  the  term  used to  
c o v e r th e  p r in c ip a ls  o f small businesses w h e th e r o r  n o t th e y  are  sole 
tra d e rs , p a r tn e rs h ip s  o r  lim ite d  com panies.) Such e n tre p re n e u rs  can o fte n  
be q u ite  d i f f ic u l t  to  deal w ith  and th e  e x p e rt was ab le  to  m ainta in a 
d ia logue  th a t held the  e x p e rt ’s a tte n tio n  and respect.
The f in a l two p r in c ip a l e x p e rts  and th e  s u b s id ia ry  e x p e rts  were more 
g e n e ra lis t and had between them a w ealth  o f expe rience  on the  s o rts  o f 
prob lem s and unexp lo ited  o p p o r tu n it ie s  faced by  many small businesses.
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The m ethod o f know ledge a cq u is itio n  was adapted to  th e  d if fe re n t  areas o f 
e x p e rtis e  re p re se n te d  by  the  fo u r  main and th e  s u b s id ia ry  e xp e rts . The 
" th e o re t ic ia n "  was in te rv ie w e d  in  a ra th e r  a b s tra c t way w ith  o n ly  passing 
re fe re n ce s  to  in d iv id u a l cases to  i l lu s tra te  p o in ts  in  th e  th e o ry  o f small 
bus inesses.
The tw o  g e n e ra lis t p r in c ip a l expe rts  and th e  s u b s id ia ry  e x p e rts  were 
in te rv ie w e d  in  a m anner v e ry  much lik e  th a t  fo r  the  o th e r  tasks 
in v e s tig a te d . There  was th u s  cons ide rab le  use o f com plete and p a r t ia l case 
d e ta ils  and, in  the  la te r  stages o f know ledge a c q u is itio n , co n s id e ra b ly  
e x h a u s tive  know ledge a cq u is itio n  on p a r t ic u la r  b u s iness  prob lem s and th e ir  
re s o lu tio n .
The "c o u n s e llin g  e xp e rtis e " p r in c ip a l e x p e rt p re se n te d  a p a r t ic u la r  
cha llenge . I t  was obv ious th a t an e x p e rt system  cou ld  n o t o f fe r  th e  degree 
o f persona l u n d e rs ta n d in g  th a t th e  e x p e rt was ab le  to  p ro v id e . Thus 
know ledge  a c q u is itio n  had two m otives. F irs t,  th e  e x p e rt 's  own method o f 
c o n d u c tin g  a d ia logue was s tud ie d  and, second, th e  e x p e rt was asked to 
adv ise  on th e  specia l needs o f small businessm en in  th e  in te rv ie w  s itu a tio n .
The re s u lts  from  the  counse lling  e x p e rt w ere in te re s t in g  and cha lle ng in g  
from  th e  im p lem entation aspect. Most o f the  s k i l l  in v o lv e d  lis te n in g  to  the  
ow ne r-m ana ge r w ith  o n ly  small p rom pts  to  a c q u ire  more de ta il o r  d ire c t  the  
flo w  o f the  ow ner-m anage r's  flow  o f c o n ve rsa tio n . I f  p ro p e r ly  handled, 
ow ner-m anage rs  need l i t t le  encouragem ent to  te ll th e  h is to ry  o f  th e ir  
b u s iness  from  its  foun d a tio n  to  its  p re se n t s ta te . As a " l is te n in g "  e xp e rt 
system  is  c u r re n t ly  no t feas ib le , i t  was necessa ry  to  dev ise  s u b s titu te  
fu n c t io n a li ty  in  th e  fo rm  o f a more tra d it io n a l e x p e r t system s d ia logue  th a t 
w ou ld  ho ld  th e  ow ner-m anager's  a tte n tio n  fo r  w h a t was rea lised  w ould be
151
I n v e s t i g a t i o n s  o f  O c c u p a t io n a l  P r o b l e m  S o l v i n g
a ra th e r  long d ia g n o s tic  and a n a ly tic a l session. The re s u lts , in v o lv in g  
enhanced feedback and " ro u te  m aps" is  described  below. However, the  
counse lling  e x p e rt was able to  a dv ise  on the  needs o f businessm en in  
respec t o f such feedback.
F irs t, i t  seems th a t  ow ner-m anagers  a re  ra th e r  in se cu re  and o fte n  q u ite  
im pa tien t. As a re s u lt,  th e  co u n se llin g  e x p e rt adv ised  th a t  she o ffe re d  
cons iderab le  p o s itiv e  feedback  to  assu re  the  e x p e rt on those  aspects w here  
th e ir  business was in  good o rd e r. Second, she cons ide red  i t  was essen tia l 
fo r  he r to  o f fe r  th is  feedback d u r in g  th e  course  o f the  d ia logue  ra th e r  than  
in  the  f in a l sum m ing-up  o r  re p o r t.  T h ird , and s im ila r ly , she fo u n d  i t  
essentia l to  o f fe r  any in te rm e d ia te  conclus ions d u r in g  th e  cou rse  o f th e  
in te rv ie w  ra th e r  than  w a it to  i t s  conc lus ions. F ou rth , i t  was p a r t ic u la r ly  
use fu l fo r  he r to  exp la in  th e  p ro g re s s  o f the  in te rv ie w  so th a t the  
ow ner-m anager rea lised  w h a t aspects  o f h is  business had been covered  and 
w hat was next, and to  come, on th e  in te rv ie w  agenda.
The coun se lling  e x p e rt was v e ry  c le a r on the  above needs o f the  
ow ner-m anager and th e y  w ere  con firm ed  w ith  the  o th e r  e xp e rts .
F ind in gs  on N ature o f Problem S o lv in g
E xp e rt gu idance was o ffe re d  as a re s u lt  o f a tw o -s ta g e  p rocess. F irs t,  a 
genera l " to p - le v e l"  scan o f th e  bus iness  co ve rin g  all o f th e  bus iness areas 
is  conducted. D u ring  th is  scan, and u sua lly  the  f i r s t  p a r t  o f i t ,  th e  main 
param eters conce rn ing  th e  n a tu re  o f th e  business, i t s  size in  te rm s o f 
personnel and tu rn o v e r  e tc  a re  co llec ted .
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T h is  to p - le v e l scan serves to  h ig h l ig h t  any p e rc e ive d  e x is tin g  prob lem s o r  
unusua l fe a tu re s  and acts as in p u t  to  o rd e r  and fo cu s  th e  de ta iled  second 
stage. D u ring  th is  stage each o f th e  bus iness  areas (eg Finance, Premises 
and E qu ipm ent e tc) is  v is ite d  in  tu rn  and s u b je c te d  to  a m o re -o r- le ss  
iso la ted  separa te  ana lys is.
F in a lly , the  e x p e rt re p o rts  on p a r t ic u la r  p rob lem s p e rce ived  in  each o f the  
bus iness  areas and o ffe rs  genera l o b s e rv a tio n s  on th e  o v e ra ll s ta te  o f the  
bus iness.
Problem  S tru c tu r in g  Props (Tools and A ids)
As a lrea dy  described  th e  e xp e rts  in  th is  f ie ld  a re  p a r t ic u la r ly  respons ive  
to  the  fa c ts  as o ffe re d  b y  the  ow ner-m anager. T hu s  s t ru c tu r in g ,  a p a rt from  
th e  tw o stages ju s t  o u tlin e d , is  la rg e ly  ad hoc and th e re  are  no real p rops  
o r  a ids to  s t ru c tu re  th e  problem  so lv in g . However, a ll e x p e rts  take  notes 
d u r in g  the  course  o f th e ir  in te rv ie w s  w ith  ow ne r-m ana ge rs  and, to  some 
e x ten t, use these notes as a ids to  s t ru c tu re  th e  sub se q u e n t p a r ts  o f the  
session.
In  the  exam ination o f th e  fin a n c ia l area o f th e  bus iness  the  accounts are  
sometimes used as a s ta r t in g  p o in t to  s t ru c tu re  the  exam ination. 
N everthe less, these u su a lly  fa ll in to  the  b a c k g ro u n d  as problem  areas beg in 
to  emerge. For ins tance , a ltho ugh  the  accou n ts  can be used as a q u ite  
n e u tra l "co n ve rsa tio n  opene r", th e  e n tr ie s  on p ro v is io n  o f pensions fo r  the  
ow ner-m anage r can lead to  th e  v e ry  s e n s it iv e  area o f t ra in in g  fo r  
succession when the  ow ner-m anager re t ire s  o r  d ies. T h is  area is  o ften  one 
o f th e  most im p o rta n t to  cons ide r s ince th e  in d e p e n d e n t n a tu re  o f many
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small businessm en makes i t  v e ry  d i f f ic u l t  fo r  them to  even c o n s id e r who w ill 
take  o v e r th e ir  "b a b y "  when th e y  re tire .  Neglect o f p ro p e r  p ro v is io n  fo r  
succession is  one o f the  main reasons w hy small bus inesses fa il a f te r  the  
unexpected d e p a rtu re  o r  death o f th e  ow ner-m anager.
G eneric Data
The bus iness gu idance  e xp e rts  a re  p r im a r ily  lo o k in g  fo r  p o te n tia lly  
dangerous abn o rm a lities  o r  un recogn ised  o r  une xp lo ited  o p p o r tu n it ie s  in  the  
bus iness. To do th is  th e y  m ust have a good u n d e rs ta n d in g  o f w hat is  
c u r re n t ly  "n o rm a l"  fo r  a bus iness o f the  ty p e  and size u n d e r d iscuss ion . 
Some o f th is  comes from  th e ir  experience o f exam in ing many ty p e s  o f small 
bus iness. The rem a inder, w h ich  is  th e  gene ric  da ta  upon w h ich  th e y  re ly , 
comes from  s p e c ia lis t business se c to r re p o r ts  and from  more g e n e ra lis t 
f in a n c ia l new spapers and jo u rn a ls .
From the  bus iness  sec to r m ateria l th e y  can de te rm ine  w h a t is  accep tab le  in  
te rm s o f say, l iq u id ity ,  fo r  a e le c tr ic a l w ho lesa ler (w he re  s to c k s  may not be 
e a s ily  d isposed) o r  a se rv ice  o rg a n isa tio n  (w here  th e re  a re  l i t t le  s tocks). 
From the  g e n e ra lis t m ateria l (eg th e  F inancia l Times e tc ) th e y  keep an 
u n d e rs ta n d in g  o f th e  s h o r t- te rm  e ffe c ts  lik e ly  to  a ffe c t a ll bus inesses. Both 
these sources o f ge n e ric  data  were claimed to  be o f co n s id e ra b le  use to the  
e x p e rts  in  th e ir  gu idance  w o rk .
S p e c ific  Data
S p ec ific  da ta  on th e  small bus iness u n d e r exam ination is  p r im a r ily  e lic ite d
154
IW ESTIG ATIO NS OF OCCUPATIONAL PROBLEM SoLVING
from  th e  ow ner-m anager. U n like  la rg e r  p u b lic  com panies, sm all bus iness  
o fte n  p rodu ce  l i t t le  more than  s ta tu to ry  accounts, s im ple  sales l i te ra tu r e  and 
p r ic e  lis ts .
Knowledge Sources
Seven know ledge sources co ve rin g  separa te  f ie ld s  o f bus iness  know ledge  can 
be id e n tif ie d . The p r in c ip a l know ledge sou rce  c o ve rs  fin a n c ia l aspects  o f 
a bus iness  w ith  pe rsonne l, m arke ting , p ro d u c tio n , d is tr ib u t io n ,  s u p p lie rs  and 
p rem ises /equ ipm en t re p re s e n tin g  the  o th e r  areas of knowledge- These 
know ledge sources and th e ir  in te r re la tio n s h ip s  a re  cove red  in  th e  d iscuss ion  
on problem  s o lv in g  a rc h ite c tu re .
O pen/C losed Problem
Business gu idance  is  an open problem  w ith  an in f in i te  num ber o f p o te n tia l 
bus iness prob lem s (o r  o p p o rtu n it ie s )  and c o rre s p o n d in g  so lu tio n s . Thus in  
th e  c u r re n t  (and any near fu tu re )  im p lem enta tion  i t  is  n o t poss ib le  to  
e n t ire ly  re p lic a te  th e  e x p e rtise  o f the  human p ra c t it io n e r .
N everthe less a h igh  p ro p o rt io n  o f cases fa ll in to  e s tab lishe d  prob lem  o r  
o p p o r tu n ity  ca tego ries  and i t  was th e re fo re  poss ib le  to  re p re s e n t these in  
the  im plem ented system . F u rth e r, lim ite d  re fe re n c e  to  a g e n e ra lis t o r  
s p e c ia lis t a d v is o r was poss ib le  fo r  abno rm a lities  w h ich  w ere recogn ised  b u t  
o u ts id e  th e  a d v is o ry  scope o f the  system.
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An Example of Problem R eferral '
The above describ ed  system  s u p p o rte d  re fe r ra l is  e n t ire ly  analogous to  the  
c u r re n t  human s itu a tio n  w he re  th e  bus iness a d v is o r rea lises  th a t  th e re  is  
a problem  in , say, the  f irm s  t ra n s p o r t  and d is tr ib u t io n  system . However the  
g e n e ra lis t a d v is o r is  unable  to  fu l ly  q u a n tify  th e  problem  and o f fe r  remedial 
advice . In  these cases re fe r ra l to  a d is tr ib u t io n  e x p e rt is  made.
R e fe rra l o f p a r t ly  desc rib ed  prob lem s w ith in  n e tw o rks  o f in te r re la te d  e x p e rt 
system s (o r human exp e rts ) is  an im p o rta n t to p ic  fo r  fu tu re  research . Such 
re fe r ra ls  are  a key elem ent o f  in te rn a l bus iness mechanics and a re  o n ly  ju s t  
s ta r t in g  to  be addressed b y  the  e x p e rt system s w o rke rs .
P roac tive /R eac tive  Problem
The problem  so lv in g  is  la rg e ly  p ro a c tiv e  to  the  a d v is e r 's  o b je c t iv e  to 
d is c o v e r problem s and o p p o r tu n it ie s  in  the  bus iness and answ er these w ith  
so lu tions  to  the  b e tte rm e n t o f th e  business. N everthe less, as th e  d ia logue 
con tinues , the  system  can be v iew ed as re a c tiv e  to  th e  p rob lem s and 
unansw ered o p p o rtu n it ie s  e lic ite d  from  the  ow ner-m anager.
Problem S o lv ing  A rc h ite c tu re
Small Business Guidance can be il lu s tra te d  as on the  nex t page:
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SMALL BUSINESS GUIDANCE
GLOBAL DATA COLLECTION
$
INITIAL PROBLEM ANALYSIS
FINANCIAL PRODUCTION MARKETING PERSONNEL EÏC
A R Y  C O N C L
S E C O N D A R Y  C O N C L U S I O N  S
As de sc rib e d  above Small Business Guidance is  c h a ra c te r is e d  b y  an in it ia l 
p rob lem  ana lys is  search. Th is  in it ia l search  h ig h lig h ts  th e  im m ediate ly 
ob v io u s  problem  areas o f the  company and se lec ts  and p r io r it is e s  the  o rd e r  
o f those  sub-dom ains fo r  subsequen t de ta iled  search  and ana lys is . In  the  
s im p les t case, fo r  example, the  areas fo r  a tte n tio n  w ill be id e n t if ie d  d ire c t ly  
from  th e  ow ner-m anager seeking advice. He w ill u s u a lly  know i f  h is main 
p rob lem s are  in , say. M a rke ting  and D is tr ib u tio n , and so these sub-dom ain  
to p ics  w ill be search ed  f ir s t .
In  A u d it  W ork P lann ing and Business P erfo rm ance Assessm ent the  s u b - 
dom ains w ere s u f f ic ie n t ly  iso la ted  fo r  genu ine  sepa ra te  se ria l searches to  be 
u n d e rta k e n . However, in  Small Business G uidance, Job Shop S chedu ling , 
E u robond T ra d in g  e tc  i t  is  no t usu a lly  poss ib le  to  com plete th e  search o f
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any one sub-dom ain  w ith o u t re fe re n c in g , to  a g re a te r o r  le s s e r degree, the  
in fo rm a tio n  o r  p a r t ia l conc lus ions p ro p e r to  one o r  more o f th e  o th e r  s u b -  
domains. We re fe r  to  th is  in te r-s u b -d o m a in  access as " re fe re n c e  l in k in g " .
T h is  " re fe re n c e  l in k in g "  does no t in d ica te  th a t th e  sub -do m a ins  are  
f ic t it io u s  and th a t  a s in g le  con tinuous  domain ex is ts . Q u ite  d e f in ite ly  the  
e xp e rts  co n s id e r th a t  th e y  are  "now  in v e s tig a t in g  M a rk e tin g "  e tc  and the  
la te ra l re fe re n ce s  to  a llied  sub-dom ains are m ere ly to  s u p p o r t  th e  search  o f 
th e  c u r re n t  " fo c u s  o f a tte n tio n "  sub-dom ain (ie  M a rke tin g  e tc ). Reference 
lin k in g  w ill be a re c u r re n t  to p ic  in  the  d e s c r ip tio n s  o f th e  ta s k s  w h ich  
fo llow  and, fo r  th is  reason, i t  is discussed separately in  th e  n ex t p a r t  o f 
th is  re p o rt.
In  th e  d iscuss io n  o f A u d it  Work P lann ing and Business Perform ance 
Assessment we showed th a t, fo llo w in g  e sse n tia lly  separa te  searches o f a llied  
sub -dom ains o f a s in g le  task , elements o f the  in d iv id u a l sub -dom ain  
conc lus ions w ere  com bined to  form  secondary conc lus ions. In  A u d it  W ork 
P lann ing  such secondary  conclusions were fra g m e n ta ry  and o f m inor 
im po rtance  to  th e  p r im a ry  sub-dom ain conclusions. In  B usiness Perform ance 
Assessm ent th e  seconda ry  conclus ions were a m a jo r outcom e o f th e  p r im a ry  
conc lus ions and w ere  o f param ount im portance.
S im ila rly , in  Small Business Guidance, fo llo w in g  the  search  o f each o f the  
bus iness sub -dom a ins  in  th e  o rd e r chosen as a re s u lt  o f th e  in it ia l p roblem  
ana lys is , th e  p r im a ry  conclus ions w ill be combined to  make some genera l 
conc lus ions  on th e  s ta te  o f the  business. However, u n lik e  A u d it  W ork 
P lann ing  and Business Perform ance Assessment, both  p r im a ry  and seconda ry  
conc lus ions a re  o f equal va lue  in  Small Business Guidance and n e ith e r  can 
be cons ide red  th e  dom inant p ro d u c t o f the  gu idance session. T h e re fo re , a
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small bus iness  a d v is o r may make some v e ry  p o in te d  o b s e rv a tio n s  on th e  
need fo r  t ra in in g  w ith in  the  f irm  and combine these  w ith  some genera l 
conc lus ions, accum ulated from  ana lys is  o f a ll th e  bus iness  fu n c t io n s , on the  
o ve ra ll management o f th e  firm .
Sub-Dom ain Reference L in k in g
Sub-dom ain re fe re n ce  l in k in g  may be il lu s tra te d  d iag ram m atica lly  in  th e  way 
shown o ve rle a f. To p ro v id e  a b e tte r  basis fo r  u n d e rs ta n d in g  o f th is  and 
th e  fo llo w in g  ta sks , th is  re p re se n ta tio n  and th e  fo llo w in g  exp lana tion  are  in  
fa r  more de ta il than  th e  more usual d iagram m atic re p re s e n ta tio n  o f prob lem  
s o lv in g  a rc h ite c tu re s  and th e ir  c o n s titu e n t com ponents.
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SMALL BUSINESS GUIDANCE REFERENCE LINKING
GLOBAL VALUE DATA COLLECTION
INITIAL PROBLEM ANALYSIS
PRODUCTION MARKETING PERSONNEL ETCFINANCIAL
Sub­
wain
J^eference
Unk
Most o f th e  in te r-a c c e s s  is  to  and from  the  fin a n c ia l sub -dom a in . Thus, fo r  
ins tance , p a r t  o f the  e x p e rt 's  co n s id e ra tio n  o f th e  f irm 's  personne l s itu a tio n  
in v o lv e s  an assessment o f th e  re s id u a l adequacy o f com pany s k il ls  i f  a key 
employee (who may be the  p ro p r ie to r  o r  a d ire c to r )  shou ld  su d d e n ly  leave 
th e  firm . Th is  check is  essen tia l i f  th e  fu tu re  success o f the  f irm  is  not 
to  be c r it ic a l ly  dependent on one in d iv id u a l.
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I f  a p o te n tia l weakness is  d iscovered , th e  e x p e rt w ill move tow ard  a 
recom m endation to  re c ru it  backup s k ills .  S ince th is  w ill in v o lv e  an elem ent 
o f g ro w th  (ie  in c rease  in  s ta ff in g )  the  e x p e rt in te r r u p ts  h is  ana lys is  o f 
pe rsonne l m a tte rs  to  cons ide r the  f irm 's  f in a n c ia l s itu a tio n  to  see w h e th e r 
g ro w th  is  a n tic ip a te d . Th is  is  u su a lly  th e  case in  a h e a lth y  f irm  and, on 
th e  basis o f a good in d ic a tio n  on fin a n c ia l m a tte rs , th e  e x p e rt w ill proceed 
to  make a re c ru itm e n t recommendation be fo re  go ing  on to  f in is h  c o n s id e rin g  
th e  o th e r  pe rsonne l m atters.
I f ,  fo r  some reason, the  f irm s  fin a n c ia l s itu a t io n  shows th a t  an increase  in  
s ta f f  canno t be to le ra te d , th e  e x p e rt re tu rn s  to  com plete personne l 
co n s id e ra tio n s  lo o k in g  espec ia lly  fo r  lo w -c o s t o p tio n s  to  c o ve r th e  id e n tif ie d  
s k i l l  v u ln e ra b il ity .  T h is  ana lys is  re s u lts  in  o p tio n s  fo r  d e fe rre d  
re c ru itm e n t, s k il ls  t ra in in g  o f e x is tin g  s ta f f  o r, in  th e  w o rs t case, a w a rn in g  
on s k il ls  v u ln e ra b il ity  in  the  conc lud ing  re p o r t.
The e x p e rt 's  access from  the  personne l sub -dom a in  to  th e  finan c ia l, s u b -  
domain can ta ke  one o f tw o form s. I f ,  as a re s u lt  o f  th e  in it ia l problem  
ana lys is , the  e x p e rt has chosen to  con s id e r th e  fin a n c ia l sub-dom ain  f i r s t ,  
th e n  th e  la te r  cons ide ra tion  o f th e  personne l sub -dom a in  can re fe re n ce  (ie  
"d ra w  u p o n ") th e  es tab lished  p r im a ry  and in fe r re d  in fo rm a tio n  in  th e  
"com p le te d " f in a n c ia l sub-dom ain .
I f ,  on the  o th e r  hand, the  e x p e rt's  in it ia l p rob lem  a n a lys is  re s u lts  in  
pe rsonne l be ing  g iven  f i r s t  p r io r i ty  in  th e  o rd e r  o f sub-dom ain  
cons id e ra tio n s , th e re  w ill be no p re -e x is t in g  in fe r re d  in fo rm a tio n  ava ilab le  
fro m  the  f in a n c ia l sub-dom ain .
In  th is  case, when th e  e x p e rt b reaks  h is  pe rson ne l co n s id e ra tio n s  to
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re fe re n ce  some fin a n c ia l in fo rm a tio n , ju s t  those in fe re n ce s  and com puta tions 
necessary to  "a n s w e r"  the  c u r re n t  personne l co n s id e ra tio n s  sub-dom ain  
e n q u ir ie s  w ill be made b y  e x p e rt in  the  fin a n c ia l sub-dom ain . However, th e  
re s u lts  o f such w o rk  w ill be recorded  o r  remembered b y  th e  e x p e rt u n t il a 
fu l l  co n s id e ra tio n  o f th e  fin a n c ia l sub-dom ain is  made. T h is  avo ids  repeated 
w o rk  and, in  some cases, repeated access to  th e  businessm an c o n s u lt in g  th e  
exp e rt. .
Expand ing  on th e  example g iven  above, i f  personne l p rob lem s a re  shown to  
be param oun t as a re s u lt  o f the  in it ia l problem  ana lys is , then  re cou rse  to  
th e  fin a n c ia l sub -dom ain  fo r  "g ro w th  pe rm iss ion " w ill be to  an as y e t 
unexp lo red  sub -dom a in . In  th is  case the  need fo r  e a r ly  f in a n c ia l in fo rm a tio n  
does n o t p ro m p t th e  e x p e rt to  make a com plete ana lys is  o f  th e  fin a n c ia l 
sub-dom ain .
The e x p e rt in  such cases u su a lly  makes two "q u ic k  and d i r t y "  checks on 
f in a n c ia l pe rfo rm an ce  (c u r re n t  p r o f i t  to  tu rn o v e r  ra tio  and g ro w th  c u rv e  
o v e r la s t f iv e  ye a rs ) and, on these two c ru d e  b u t p o w e rfu l in d ic a to rs , 
decides w h e th e r th e  f irm  can s u p p o rt the  need fo r  pe rson ne l increases. 
S ince th e  f in a n c ia l checks them selves fo rm  an element o f th e  more com plete 
fin a n c ia l a n a lys is , th e ir  re s u lts  are  s to red  to  s u p p o rt th a t  a n a ly s is  i f ,  as is  
l ik e ly ,  i t  is  re q u ire d .
C onverse ly , as is  u s u a lly  th e  case, i f  th e re  is  an ana lys is  o f th e  personne l 
s itu a tio n  fo llo w in g  ana lys is  o f the  fin a n c ia l s itu a tio n , th e  p e rson ne l search 
can make re co u rse  to  the  fu l l  considered conclus ions on g ro w th .
References between o th e r sub-dom ains are possib le . F o r in s ta n ce , can a 
p ro d u c t id e n t if ie d  as "u n d e r-m a rk e te d "  be a c tu a lly  p ro d u ce d . T h is  e n ta ils
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a re fe re n ce  l in k in g  from  "M a rk e tin g "  to  "P ro d u c tio n " . Such re fe re n ce  
lin k in g s ,  a lth o u g h  o fte n  v e ry  im p o rta n t, a re  ra th e r  less common than  
re fe re n ce s  to  th e  "F in a n c ia l"  sub-dom ain .
D iagram m atic R epresen ta tion  o f Problem S o lv ing  Components
The d iagram  shows th e  presence o f the  new In it ia l Problem A n a lys is  
com ponent p lu s  l in k  lin e s  to  show the  m inimal in te r-s u b -d o m a in  re fe re n ce  
lin k in g  ju s t  desc rib ed . T h is  d iagram  is  ra th e r  re d u n d a n t in  v ie w  o f the  
more complete diagram above but is  shown to  in d ic a te  the  p ro g re ss io n  from  
p re v io u s  ta sks  and also because the  more com plete fo rm  o f d iagram  was 
so le ly  used on th is  occasion to  exp la in  the  conce p t o f re fe ren ce  lin k in g .
M u ltip le  S im ple Search w ith  M inimal Reference L in k in g
Global In it ia l Search Domain
Data Problem  P re - Search
A c q u is itio n  A n a lys is  C o n s tra in in g
P rim a ry  S econdary 
C onclusion C onclusions
\ /
:>  = >  = >  = >  
:>
:>
> =>  =>  =>  
=>
:>
:>  = >  = >  = >
\ /  \ /  
Minimal Reference 
L in k in g
V
= >  = >  = >  = >  = >
= >  = >  = >  = >  = >
= >  = >  = >  = >  = >
EZ[
= >
=>
= >
I te ra t iv e  Feedback
L im ited
O ve ra rch in g
C onclusions
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Commercial Im plem entation Details
T h is  was a su cc e s s fu lly  im plem ented and o p e ra tio n a lly  dep loye d  system. 
G overnm ent fu n d in g  to  the  sponsor was a key fa c to r  and i t  was poss ib le  to  
im plem ent a system  w ith  a p ro p e r b u d g e t and w ith  the  he lp  o f e n th u s ia s tic  
sponsors .
The a u th o r was p r im a r ily  in v o lv e d  in  the  p ilo t  b u t  the  fu l l  system  was ju s t  
a more com plete ve rs io n  w ith  increased  de ta iled  know ledge on more aspects 
o f bus iness. <
The system  was im plem ented as a la rg e  system  us ing  th e  C ry s ta l 3 e xp e rt 
system  she ll. A lth ough  the  basic fo rm  o f problem  s o lv in g  is  based on the  
e x p e rts ' know ledge, the  im plem entation was p a r t ia l ly  on designed 
fu n c t io n a lity  ra th e r  than  be ing  a re p lica tio n  o f - th e  e x p e rts ' s k il ls .  Th is  is  
m a in ly  because, as a lrea dy  exp la ined, the  human e x p e rt is e  in vo lve s  
co n s ide rab le  lis te n in g  s k il ls  and th is  cannot be re p lic a te d  in  an e xp e rt 
system .
The system  w ould  no t have been successfu l i f  we had n o t been a le rted  to  
a key c h a ra c te r is t ic  o f the  in te n d e d  user pop u la tion . The sponso r and 
co u n se llin g  e x p e rt v e ry  much unders tood  th e  c h a ra c te r is t ic s  o f the  
p ro p r ie to rs  and d ire c to rs  o f small businesses. Many o f these  w ere  ra th e r  
id io s y n c ra t ic  people who w orked on th e ir  own accoun t because th e y  d id  no t 
f i t  in  w ith  th e  d is c ip lin e  and p roced u re s  o f la rg e  c o rp o ra tio n s . I t  was 
cla im ed by th e  sponsors th a t th e y  had a re la t iv e ly  s h o r t  a tte n tio n  span to  
new te chno logy  and, i f  a system  d id  no t g r ip  th e ir  in te re s t  w ith in  abou t ten 
m inu tes, th e re  was l i t t le  hope o f g e tt in g  them to  adop t i t  in  th e ir  business. 
In  p ra c tic e  th is  p roved  to  be good advice  and the  g u idan ce  system  was
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d e s ig n e d  w ith th is  c o n s tra in t  in mind.
I f  bus iness gu idance  is  to  be p ro p e r ly  p roduced  each o f th e  b u s in e ss  areas 
m ust be fu l ly  exp lo red  on a sequentia l basis, w ith  m inimal lin k a g e s  (u s u a lly  
to  the  fin a n c ia l area), and a com plete recom m endation g iven  to  th e  small 
businessm an. T h is  p rocess takes co n s id e ra b ly  lo n g e r  than  ten  m inu tes  and 
can re q u ire  th e  businessm an use r to  in p u t  a co n s id e ra b le  am ount o f data. 
T h e re fo re  th e  system  was designed to  w o rk  on a " tw o  pass" basis. An 
in it ia l in te ra c t iv e  d ia logue, re q u ir in g  s t ra ig h t fo rw a rd  answ ers, p ro d u ce d  an 
in te r im  d iagnos is  o f th e  key area where gu idan ce  was needed. Th is  
feedba ck  to  the  u se r was usua lly  s u ff ic ie n t to  c a p tu re  h is  in te re s t  so th a t 
th e  more exh a u s tive  ana lys is  and d iagnosis  cou ld  be made.
I t  was also, in c id e n ta lly ,  a v e ry  use fu l f i r s t  s tage  s ince  i t  a llow ed th e  f i r s t  
pass re s u lts  to  d ire c t  th e  o rd e r  in  w h ich th e  b u s in e ss  areas w e re  searched 
fo r  th e  second pass. W ithou t the  in it ia l d iagno s is  th e  system  m ig h t in v o lv e  
co n s ide rab le  use r in p u t  and spend much tim e on f in a n c ia l m a tte rs  when the  
rea l prob lem  was in  th e  area o f p ro v id in g  adequa te  fu n d in g  fo r  the  
m a rk e tin g  o f a new p ro d u c t. W ith a f i r s t  pass d iagno s is  th e  search  is  
re o rd e re d  from  th e  d e fa u lt  o rd e r (s ta r t in g  w ith  f in a n c ia l a n a ly s is ) to  deal 
w ith  sales and m a rke tin g  m atters f i r s t .
The d e liv e re d  e x p e rt system conform ed v e ry  much to  a n s w e rin g  the  
" in s e c u r ity  and im pa tience" needs o f th e  e x p e rt as adv ised  by  the  
co u n se llin g  e x p e rt. G ra tu itou s  feedback was l ib e ra l ly  o ffe re d  f o r  those 
cases w here  e v e ry th in g  appeared in  o rd e r  and in te rm e d ia te  conc lu s io n s  were 
d isp la ye d  as te x t screens. A " ro u te  map" o f th e  bus iness  s e c to rs  was also  
p ro v id e d  and com pleted sections were success ive ly  co lou red  in  re d  to  show 
th a t th e  to p ic  had been concluded and th a t  th e  u s e r has "s u c c e s s fu lly "
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com pleted th a t  s ta g e  of th e  in te ra c tio n .
Hardware cons ide ra tion s  w ere also an issue  w ith  th is  system . A lth o u g h  the  
f i r s t  pass d iagnos is  m ig h t be u n d e rta ke n  a t the  agency prem ises, th e  system  
would on ly  be use fu l on a lo n g - te rm  basis i f  i t  cou ld  be used on th e  small 
businessm an's own PC. P riva cy  was an im p o rta n t issue  and, a d d it io n a lly , i t  
was a n tic ip a te d  th a t  th e  businessm an was more lik e ly  to  use th e  system  in  
the  even ings  and a t th e  weekends when he was not b u sy  ru n n in g  his 
business.
I t  was th u s  a co n d itio n  o f th e  im plem enta tion  th a t a ru n - t im e  v e rs io n  o f the  
system  shou ld  be made ava ila b le  on f lo p p y  d is k s  fo r  use a t the  
businessm an's address.
A d d itio na l Comments
As a lrea dy  d iscussed th e  im p lem enta tion  is  v e ry  d i f fe re n t  to  th e  human 
e x p e rt s itu a tio n  w here  th e  bus iness  a d v iso r is  se n s itiv e  to  c lu es  a r is in g  
from  the  conve rsa tion  w ith  th e  ow ner-m anager. The im plem enta tion  
neve rthe less  is  ra th e r  s im ila r in  s ty le  to  the  pedan tic  e x p e rt who uses a 
more s tru c tu re d  fo rm  o f in te rv ie w  o r  the  in te rv ie w  w ith  a "m onosy llab ic  
re p ly "  ow ner-m anager.
As a re s u lt  the  e x p e rt system  im plem entation tends  to  be more p ro tra c te d  
than  the  e x p e rt in te rv ie w  and, as d iscussed above, specia l ca re  has to  be 
taken to  p ro v id e  encouragem ent v ia  feedback and ro u te  maps.
The c u r re n t  system  cou ld  be id e a lly  extended to  be more s e n s itiv e  to  
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d if fe re n t  bus iness secto rs . C u rre n t ly  s e c to r -s p e c if ic  know ledge is  
in c o rp o ra te d  as p a r t o f a g e n e ra lis t know ledge  base and th is  is  both  
u n w ie ld y  and in e ff ic ie n t.  An im provem ent w ou ld  be to  im plem ent a w h o lly  
g e n e ra lis t system  which cou ld  d e te c t th a t th e  bu s in e ss  was, fo r  in s tance , a 
b u ild in g  c o n tra c to r  o r re ta il shop and load  an a p p ro p r ia te  know ledge base 
to  co n tin ue  w ith  a s e c to r-s p e c if ic  co n su lta tio n .
S im ila r ly  th e re  is  a re q u ire m e n t to  deal s e p a ra te ly  w ith  v e ry  small 
businesses (ie  sole tra d e rs  up to  abou t fo u r  p e rso n s ) w here i t  is  g e n e ra lly  
accepted th a t  problem s are v e ry  d i f fe re n t  fro m  th e  la rg e r  small businesses 
w here  th e re  is  a recogn ised in te rn a l s t ru c tu re ,  re s p o n s ib ilit ie s  and means 
o f decis ion m aking.
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3.12 PENSIONS MANAGEMENT
S p onso rin g  O rgan isa tion
T h is  in v e s tig a t io n  and the  subsequen t com m ercia l im p lem enta tion  were 
sponsored  b y  a m ajor d is tr ib u t io n  com pany w ith  reg iona l o ff ic e s  and 
pens ions s ta f f  th ro u g h o u t th e  UK.
In tro d u c tio n
O ccupationa l pension schemes are complex. O ften one o r  more new schemes 
a re  b ro u g h t in to  use d u r in g  a scheme m em ber's w o rk in g  life tim e . The 
in te rp re ta t io n  o f such schemes and, in  p a r t ic u la r ,  th e  b e n e fits  a c c ru in g  to 
in d iv id u a l members is  o ften  d i f f ic u l t  and tim e consum ing . T h is  ta s k  was 
in v e s tig a te d  in  o rd e r  to  p ro v id e  e x p e rt system s ass is tance  to  pens ions s ta ff  
re sp o n s ib le  fo r  answ ering  members' que ries .
A u th o r 's  Role
The a u th o r  was respons ib le  fo r  the  in s tig a t io n  o f th is  e x p e rt systems 
p ro je c t,  in it ia l know ledge acqu is itio n  and a n a ly s is  and fo r  th e  la te r  stages 
o f th e  management o f th e  commercial im p lem enta tion . He was no t respons ib le  
fo r  de ta ile d  know ledge acqu is itio n  o r  de ta iled  f in a l system  des ign .
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O utline Task D escription
The ta s k  is  unde rtake n  b y  two g rades  o f s ta ff.  P r im a r ily  th e  ta s k  is  the  
re s p o n s ib ility  o f Pensions O ffice rs . These "p ro fe ss io n a l s ta f f "  v a ry  in  th e ir  
know ledge o f the  re le v a n t c u r re n t  and h is to r ic a l pens ions schemes. Some 
Pensions O ffice rs  are Scheme T ru s te e s  w ith  f i r s t - r a te  know ledge o f the  
schemes. O thers are  ra th e r  less know ledgeab le  and e f fe c t iv e ly  s t i l l  tra inees .
The second grade o f s ta f f  to  u n d e rta k e  the  task  are  Personnel O ffice rs  who 
have fa r  less acqua in tance  w ith  th e  schemes b u t have to  answ er ro u tin e  
pensions questions as p a r t  o f the  personne l function of th e  organisation.
A lth o u g h  d if fe re n t  g rades are  in v o lv e d , and deal w ith  q u e s tions  o f g re a te r 
(Pensions O ffice rs ) o r  le sse r (P ersonne l O ffice rs ) com p lex ity , th e  ta sk  is  
much th e  same in  both  cases. Q ueries are in it ia te d  b y  scheme members 
u s u a lly  a t c r it ic a l phases o f th e ir  career. These a re  s h o r t ly  a f te r  
re c ru itm e n t, on m arriage, on d ivo rce , ju s t  be fo re  o r  a f te r  re tire m e n t and, 
b y  members' dependents, on death.
The que ries  are e ith e r  genera l (eg "How is  my lum p sum c a lc u la te d ") o r, 
v e ry  much more o fte n , sp e c ific  (eg "W ill my new w ife  be covered  by  the  
c o n tr ib u tio n s  w h ich I  pa id fo r  my d ivo rce d  e x -w ife  and, i f  so, how much 
pension  w ill she ge t i f  I  d ie? "). The task  o f th e  e x p e rt is  to  g ive  an 
a u th o r ita t iv e  answ er to  th e  member exp la in ing  th e  basis o f any b e n e fits  
to g e th e r  w ith  a ca lcu la tion  w here necessary. Where re q u ire d  th e  e x p e rt 
m ust g ive  re fe rences  to  re le v a n t scheme p a ra g ra p h s  o r  p re v io u s  
co rrespondence  ex tend ing  th e  coverage  o f schemes. (H ow ever th e  d iscuss ion  
on "A u th o r ita t iv e  T e x t" la te r  in  th is  section shou ld  be noted in  th is  
connection .)
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Form o f In v e s tig a tio n
No unusua l know ledge acqu is ition  tech n iq u e s  w ere  used and th e  normal 
s t ru c tu re d  stages described  elsewhere p ro ve d  v e ry  p ro d u c tiv e  fo r  a v e ry  
e x te n s iv e  an d  d e ta ile d  know ledge base. However, a lth o u g h  th e  know ledge 
a c q u is itio n  was s tra ig h tfo rw a rd , th e re  w ere co n s id e ra b le  d if f ic u lt ie s  in  
re c o n c ilin g  th e  know ledge and op in ions o f d i f fe re n t  e x p e rts . T h is  issue  is  
d iscussed  u n d e r "Commercial Im p lem en ta tion " la te r  in  th is  section .
F in d in g s  on N ature o f Problem S o lv ing
As d e sc rib e d  below th e  s tru c tu re  o f p rob lem  s o lv in g  is  n o t p a r t ic u la r ly  
complex. F u r th e r , the  problem  is  u su a lly  c o n s tra in e d  b y  th e  member to: ju s t  
a s p e c if ic  aspect o f th e  pensions scheme and m em ber's s itu a tio n .
N everthe less, a p rim e c h a ra c te r is t ic  o f  prob lem  s o lv in g  in  Pensions 
M anagement is  th a t i t  re lies  on a v e ry  la rg e  know ledge  base. Problem 
s o lv in g  may n o t be complex b u t the  know ledge a v a ila b le  is  v e ry  vo lum inous. 
Schemes and th e ir  associated docum enta tion ru n  to  h u n d re d s  o f p a ra g ra p h s  
and such m ateria l is  in co rp o ra te d  as p a r t  o f th e  e x p e r t 's  know ledge. The 
specia l re la tio n s h ip  between the  scheme know ledge in c o rp o ra te d  in to  the  
e x p e rt system  and the  actual te x t o f th e  schemes is  d iscussed  below.
" A u th o r ita t iv e  T ex t"
Pensions schemes are a se t o f re g u la tio n s . As such  th e y  are  th e  " la w s" 
u n d e r w h ich  pensions a re  paid. Legal and q u a s i- le g a l e x p e rt system s, such
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as th a t  deve loped fo r  Pensions Management, may ru n  in to  p a r t ic u la r  
prob lem s on w hat, in  the  case o f Pensions Management, became known as the  
issue  o f "A u th o r ita t iv e  T ex t".
A t th e  o u tse t, th e  requ ire m en t fo r  Pensions M anagement was fo r  a 
conve n tiona l e x p e rt system  o ffe r in g  gu idance  on pensions schemes que ries . 
As th e  system  became successfu l the  re q u ire m e n t changed in  fa v o u r  o f a 
system  th a t  a c tu a lly  d e live re d  adv ice  us ing  th e  p re c ise  w o rd in g  o f the  
schemes. In  o th e r  w ords, the  e x p e rt system  was re q u ire d  to  d e liv e r  adv ice  
m o re -o r- le s s  a t th e  leve l th a t could be s u p p o rte d  in  C o u rt.
The p re c ise  outcome o f th is  re q u ire m e n t is  no t s t r ic t ly  re le v a n t. In  fa c t, 
o u tp u t  te x t was p roduced  w h ich was com patib le  w ith  th e  te x t  o f th e  schemes 
b u t  was n o t gua ran teed  to  be "a u th o r ita t iv e " .
The genera l issue  is  how ever re le v a n t fo r  "lega l a d v ic e " e x p e rt system s. 
Where the  re q u ire m e n t fo r  "A u th o r ita t iv e  T e x t" becomes pa ram oun t then  the  
know ledge base o f the  system  become an image o f th e  u n d e r ly in g  " la w ". 
For example know ledge base ru les  map d ire c t ly  to  the  le ga l ru le s . The re  is  
then  a d a n g e r (and th e  suggestion  was a c tu a lly  made fo r  th e  Pensions 
Management e x p e rt system ) th a t th e  know ledge base becomes the  
a u th o r ita t iv e  docum ent in  which the  law (ie  scheme) is  em bodied. We 
c o n s id e r th a t  th e  concept o f a " ru n n a b le  la w " is  in te re s t in g  b u t  p resen ts  
many real p rob lem s both  fo r  the  law m aker and the  know ledge  eng inee r.
Th is  issue  w ill n o t be fu r th e r  d iscussed b u t is  p resen ted  p u re ly  because i t  
a c tu a lly  arose as a se rious issue  in  the  im p lem enta tion  o f Pensions 
Management.
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Problem  S tru c tu r in g  P rops (Tools and Aids)
The human e x p e rt bases h is  problem  so lu tio n  a roun d  the  le t te r  he w ill 
p re p a re  in  response  to  the  member's q u e ry . The fa ir ly  r ig id  s t ru c tu r e  o f 
such le t te rs  ac ts  a " v i r t u a l"  problem  so lv in g  p ro p  ra th e r  s im ila r ly  to  the  
qu o ta tio n  p re p a re d  fo r  Commercial Business U n d e rw r it in g .
G eneric Data
The Pensions Schemes manuals and s u p p o rtin g  docum ents, such as Pensions 
HQ A d v is o ry  C irc u la rs  form ed the  generic  da ta  s u p p o r tin g  th e  Pensions 
O ffice r.
S p e c ific  Data
■
Members re co rd s , in c lu d in g  fin a n c ia l c o n tr ib u tio n s  and e le c tive  o p tio n s  such 
as to  make e x tra  c o n tr ib u tio n s , fo rm  the  s p e c if ic  da ta  upon w h ich  adv ice  is  
g iven .
Knowledge Sources
Pensions know ledge co ve rs  severa l f ie ld s  w h ich  can be eas ily  con s id e re d  as 
sepa ra te  know ledge sources. N everthe less th e  "d is c re te n e s s " o r  sepa ra tion  
o f th e  f ie ld s  is  n o t so m arked as in , say. Small B usiness G uidance to  w h ich  
th is  ta s k  is  s t ru c tu r a l ly  re la ted .
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A p a r t ic u la r  and q u ite  d is c re te  know ledge source  co ve rs  th e  g ra n t in g  o f 
c re d its  fo r  s e rv ic e  w ith  p re v io u s  companies o r  fo r  s e rv ic e  w ith  th e  Armed 
Forces. T h is  know ledge im pinges on the  problem  so lu tio n  in  q u ite  a 
d i f fe re n t  way to  the  o th e r know ledge employed.
S im ila r ly  know ledge conce rn ing  the  e l ig ib i l i t y  o f " c h i ld re n "  is  p a r t ic u la r ly  
spec ia lised . A " c h i ld "  may be a dependent s tu d e n t in  h is  o r  h e r la te  
tw e n tie s  b u t may not, fo r  ins tance , be an in fa n t  b o rn  from  a m ember's 
secondary  re la tio n s h ip . Such know ledge, complex b u t  to ta lly  sepa ra te  from  
th e  main body  o f pensions know ledge, m ere ly se rves  to  d e fin e  th e  num ber 
o f c h ild re n  in  th e  main b e n e fit ’s eva lua tion .
O the r know ledge sources, such as th a t co ve rin g  W idow 's B ene fits , seem 
c lo se r to  th e  main body o f the  pensions know ledge and th e ir  sepa ra tion  in to  
d is c re te  know ledge sources seems more a r t if ic ia l.
O pen/C losed Problem
Pensions Management can be considered  a closed prob lem  w here  th e  scheme 
shou ld  c o ve r a ll poss ib le  e ve n tu a litie s . N everthe less, in  th e  case o f the  
human Pensions O ffice r, th e re  was always a t r ic k le  o f nove l cases w h ich , 
how ever, w ere d ire c t ly  re fe rre d  to  th e  Scheme T ru s te e s  fo r  a rb it ra t io n .  
Such cases can th e re fo re  be considered  ou ts ide  the  com petence o f the  
e x p e rt whose e xp e rtise  cove rs  a closed w o rld  o f p rob lem s and so lu tio n s .
P ro a c tive /R e a c tive  Problem
The ta s k  is  so le ly  re a c tiv e  to s p e c ific  e n q u ir ie s  from  scheme members. 
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T h ere  is  no o b jec tiv e  o th e r  than  to  an sw er th e se  q u e rie s .
Problem S o lv in g  A rc h ite c tu re
Pensions Management has much in  common w ith  Small Business G uidance. In  
fa c t Pensions Management can be bes t re g a rd e d  as a specia l s im p lif ic a tio n  
o f the  a rc h ite c tu re  o f Small Business Guidance. Pensions Management has 
also som eth ing  in  common w ith  M u ltina tiona l Tax P lann ing  and E n g in e e rin g  
P re v e n ta tiv e  M aintenance in  th a t th e  in it ia l p roblem  is  c o n s tra in e d . In  th e  
s p e c ific  case o f Pensions Management the  c o n s tra in t comes (v ia  th e  pensions 
o f f ic e r  o r  c le rk )  from  th e  scheme member who, in  most cases, ju s t  re q u ire s  
c la r if ic a tio n  on a p a r t ic u la r  aspect o f h is  pension scheme e n title m e n t.
For in s tan ce , on re -m a rria g e , a d ivo rce d  member w ill o fte n  e n q u ire  ab o u t 
w idow 's  pension e n title m e n t. S im ila rly , a member n e a rin g  re tire m e n t w ill 
ques tion  w h e th e r s e rv ic e  w ith  a p re v io u s  com pany, o r  w ith  th e  Arm ed 
S erv ices, w ill c o n tr ib u te  p o s itive  c re d its  tow a rd  th e  am ount o f h is  o r  h e r 
pension e n title m e n t.
In  a ll cases the  search is  based on re tr ie v e d  re c o rd s  o f m em ber's 
c o n tr ib u t io n s  and o p tio n s  selected in  th e  past. However th e  search  is  
c o n s tra in e d  to  th a t sub-dom ain  re le v a n t to  th e  m em ber's e n q u iry .  However, 
whereas in M u ltin a tio n a l Tax P lann ing i t  is  poss ib le  to  c o n s tra in  th e  search  
to, say, Am erican c o u n tr ie s  w ith o u t re fe ren ce  to  Asian com pany m a tte rs , th is  
is  no t poss ib le  in  Pensions Management.
W idow's pension  e n tit le m e n t w ill be p r im a r ily  based on th e  m em ber's p r io r  
op tio ns  (ie  to  in c lu d e  w idow 's  cove r on m arriage  and, pe rhaps, to  cancel i t
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on d ivo rce ) b u t  w ill also depend to  some e x ten t on o th e r  c ircum stances . I f  
the  member w ill have " c h i ld re n "  a t th e  time o f h is death then  th e  w idow 's  
e n title m e n t may be reduced to  p ro v id e  some allowance fo r  such "o rp h a n s ".
Thus th e re  is  some re fe re n ce  l in k in g  from  the  "W idows" sub -dom a in  to  the  
"C h ild re n "  sub-dom ain  to  de te rm ine  the  c h ild re n 's  s ta tu s . T h is  may be 
sim ple i f  th e re  a re  no c h ild re n  o r  th e y  are all in d e p e n d e n t a d u lts . However, 
a more complex search o f th e  "C h ild re n "  sub-dom ain may be necessary i f  
th e re  are a d u lt  c h ild re n  who a re  "S tu d e n ts "  w ith in  th e  m eaning o f th e  
Pension Scheme. Th is  may re s u lt  in  a de ta iled  d ia logue  w ith  th e  member 
o v e r such m a tte rs  as "academ ic" v e rs u s  "craft" training and d e te rm ina tio n  
o f fu l l  o r  p a r t- t im e  s tu d e n t s ta tu s . In  some cases a m o re -o r- le s s  com plete 
search o f th e  "C h ild re n "  sub -dom a in  w ill be necessary to  p ro v id e  the  
re q u ire d  va lues to  a llow  th e  "W idow s" search to  conclude.
As w ith  Small Business Guidance, th e  in te r-s u b -d o m a in  re fe re n ce s  are  no t 
heavy and th e  e x p e rt can p ro v id e  a com petent response to  th e  member's 
e n q u iry . The member is  asked to  con firm  th a t the  response  adequa te ly  
meets h is  o r  h e r needs and, i f  so, th e  response can be re g a rd e d  as f in a l. 
However i t  is  q u ite  common fo r  th e  re fe rence  searches to  ra ise  issues  w h ich 
th e  member had fo rg o tte n  o r  d isag rees  w ith . M atte rs  c o n c e rn in g  c re d it  fo r  
m embership o f p re v io u s  schemes o fte n  a rise  in  th is  way. In  such  cases th e  
search w ill be repea ted b u t  co n s tra in e d  to the  new area o f e n q u iry . 
N a tu ra lly  conc lus ions  from  th e  f i r s t  search w ill be re ta in e d  and may be 
re fe renced  from  th e  sub-dom a in  search  cove rin g  the  new fo cu s  o f a tte n tio n .
In  some cases, o fte n  in  th e  p e rio d  from  f iv e  to  ten years  b e fo re  re tire m e n t, 
th e  member w ill w a n t a com plete assessm ent o f h is pension and o th e r  co ve r 
and, when th is  happens, no c o n s tra in t  is  p u t on the  search . In  such cases
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a ll sub-dom ains are searched in  a f ixe d  o rd e r  w ith  in te r-s u b -d o m a in  
re fe re n ce  p roceed ing  e x a c tly  as in  Small Business Guidance.
Diagram m atic R epresenta tion  o f Problem S o lv in g  Components
The d iagram  com ponents have a ll been p re v io u s ly  encoun te red  b u t  i t  is  
n o te w o rth y  th a t Pensions Management was th e  o n ly  ta sk  cons ide red  th a t 
in v o lv e d  an example o f a ll o f the  p re - , p o s t-  and ac tua l search com ponents. 
The seconda ry  conc lus ions are  co n s tra in e d  s ince  th e  m a jo r ity  o f the  
re q u ire m e n t on the  Pensions O ff ic e r is  to  g iv e  d e ta ile d  adv ice  in  th e  fo rm  
o f p r im a ry  conclus ions fo llo w in g  co n s ide ra tion  o f th e  in d iv id u a l sub -dom a ins  
o f the  pension problem .
P re -C on s tra ined  Search w ith  M inimal Reference 
L in k in g  to  O the r Search A reas
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Commercial Im plem entation Details
The re s u lta n t e x p e rt system  was im plem ented, not by  th e  a u th o r, us in g  th e  
C rys ta l 3 e x p e rt system  she ll.
Th is  p ro je c t re s u lte d  from  a co m p e titive  te n d e r which was won la rg e ly  on 
the  a b il i ty  to  dem onstra te  th e  fo rm  o f the  user in te r fa c e  th a t th e  eve n tu a l 
system  would s u p p o rt. The use r in te r fa c e  issue was key to  a c c e p ta b ility  b y  
the  pensions o ff ic e rs  who w ere to  fo rm  the  user pop u la tion . A s im ple 
screen p a in te r  was used to  dem onstra te  a chain o f screens s im u la tin g  the  
form  o f the  in te ra c tio n .
The p ro je c t n e a rly  fa ile d  due to  d isagreem ent between the  e xp e rts . Each 
o f the  com pany's reg io ns  had it s  own ch ie f pensions o f f ic e r  who was 
respons ib le  fo r  in te rp re t in g  th e  ru le s  o f the  pensions scheme. For in s tan ce , 
is  an a d u lt m atu re  s tu d e n t fo llo w in g  a p a rt- t im e  course  a " c h i ld "  when i t  
comes to  co n s id e r in g  e n tit le m e n t fo r  a share o f h is  fa th e rs  occupa tiona l 
pension death b e n e fit?  To w ha t e x te n t does se rv ice  in  v a r io u s  p a r ts  o f th e  
armed se rv ices  c o u n t to w a rd  yea rs  o f se rv ice  u n d e r the  scheme ru les?  
S tra n g e ly , th e  answ ers to  such q ue s tions  d iffe re d  across th e  c o u n try  and 
b e n e fic ia rie s  rece ived  d if fe re n t  tre a tm e n t und e r th e  ru le s  o f th e  same 
scheme.
However, an e x p e rt system  can o n ly  g ive  one fo rm  o f adv ice  and the  
d isagreem ent between th e  key e x p e rt who was the  s u b je c t o f know ledge 
acq u is itio n  (and on whose know ledge the  system was based) and h is  
colleagues caused tim e-consum ing  and expensive de lays in  com ple tion o f the  
system . There  was also co n s ide rab le  c r it ic is m  o f the  e x p e rt system  b y  th e  
e xp e rts  who d isag reed  w ith  i t s  adv ice .
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The issue  was f in a l ly  reso lved  by th e  sp o n so r a g ree ing  th a t a s in g le  e x p e rt 
would ac t as m edia to r between h is  co lleagues and th a t  he w ou ld  seek 
consensus and th a t th e  system  w ou ld  re f le c t  th is  consensus know ledge. 
A lthough  th is  seems a v e ry  commonsense a rra ngem en t i t  was a c tu a lly  v e ry  
d i f f ic u l t  to  ach ieve and th e re  were g ru m b lin g s  o f d isag reem ent between th e  
e xp e rts  r ig h t  up to  f in a lis a tio n  o f th e  p ro je c t.
A d d itio n a l Comments
Th is  in v e s tig a tio n  and im p lem entation w ere  s tra ig h t fo rw a rd  and a c le a r 
u n d e rs ta n d in g  o f the  problem  so lv in g  s t ru c tu re  was asce rta ined . However 
as a p a r t  o f  "U s e r Knowledge A c q u is it io n " , th is  ta s k  d id  i l lu s t r a te  th e  
d if fe re n t  needs o f the  d if fe re n t  "P ens ions O ff ic e r"  and "P e rsonne l O ff ic e r "  
use r popu la tions .
A re q u ire m e n t fo r  d i f fe re n t  use r in te r fa c e s  to  s u p p o r t  th e  two p o p u la tio n s  
was agreed fo r  a la te r  ve rs ion  o f th e  system  b u t th e  a u th o r was n o t 
in v o lv e d  in  th is  w o rk . The re q u ire m e n t fo r  "A u th o r ita t iv e  T ex t" was also 
associated w ith  the  needs o f th e  more s k ille d  "P ens ions O ff ic e r"  use r 
popu la tion  and has a lre a d y  been fu l ly  d iscussed  above.
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3.13 JOB SHOP SCHEDULING
S p onso rin g  O rgan isa tion
The in v e s tig a tio n  was conducted  a t the  in v ita t io n  o f a UK based dom estic 
e le c tro n ic s  p ro d u c t m anu fac tu re r.
In tro d u c tio n
The jo b  shop consisted  o f a num ber o f m achines each capable o f p e rfo rm in g  
d i f fe r e n t  m a n u fa c tu rin g  ope ra tions  (eg c u t t in g ,  d r i l l in g ,  assem bly, te s tin g )  
to  assemble a range o f m anu factu red  goods o f v a r io u s  sizes and com plex ity  
and in  v a r io u s  q u a n titie s .
The jo b  shop was o rd e r -d r iv e n  and i t  was th e  ta s k  o f th e  sch e d u le r to  
maxim ise th e  num ber o f jo b s  passing th ro u g h  th e  shop and to  ensu re  th a t 
each met i ts  due date e tc. Increase  in  jo b  shop u til is a t io n  was re q u ire d  no t 
o n ly  to  in c rease  p r o f i t  b u t  to  enable the  p la n t to  cope w ith  expected g row th  
in  demand w ith o u t the  need fo r  e x te n d in g  th e  jo b  shop m a n u fa c tu rin g  
fa c il i ty .
A u th o r 's  Role
The a u th o r  so le ly  conducted  th is  in v e s tig a tio n .
181
I n v e s t i g a t i o n s  o f  O c c u p a t io n a l  P r o b l e m  S o l v i n g
O utline Task D escription
The sched u le r and h is  co lleagues rece ive  re g u la r  de ta ils  o f incom ing o rd e rs  
from  th e  m a n u fa c tu re r's  sales departm en t. Each o rd e r ,  has d e ta ils  o f  th e  
ty p e  o f p ro d u c t (w h ich  can be from  a la rg e  range), q u a n tity  and due date. 
O the r de ta ils  may also appear on the  o rd e r  and, p a r t ic u la r ly ,  i ts  o r ig in  is  
noted. O rders from  key accounts are  g iven p r io r i ty  in  the  case o f any 
con ten tion  fo r  m a n u fa c tu rin g  resources. O rders  des igna ted  fo r  s to ck  
m aintenance are u su a lly  g ive n  the  low est p r io r i ty .
The sch e d u le r p repa res  a ro ll in g  sohedule, ex tend ing  fo r  between one and 
tw o m onths in to  the  fu tu re ,  as a G antt C hart.
A secondary  ta sk  o f th e  sch e d u le r is  to  make re a c tiv e  changes to  an 
es tab lished  schedu le  so th a t ru sh  o rd e rs  and machine b reakdow ns can be 
accommodated in  th e  schedu le .
(F o r c la r if ic a tio n  i t  shou ld  be noted th a t  the  p ro d u c tio n  p lans (ie  sequences 
o f ope ra tions ) fo r  any p a r t ic u la r  ty p e  o f p ro d u c t a re  fixe d  and th a t  th e  
schedu le  fo r  any o rd e r  is  p r im a r ily  a tim e and machine sequenc ing  o f a 
p a r t ic u la r  p re -e x is t in g  p lan. Of cou rse  G antt c h a rts  a re  used fo r  p la n n in g  
problem s b u t, in  Job Shop S chedu ling , o n ly  sche d u lin g  is  in v o lv e d .)
Form o f In v e s tig a tio n
The n a tu re  o f the  m a n u fa c tu rin g  was specia lised, w ith  ra th e r  unusua l 
machines, and the  a u th o r  sp e n t some time s tu d y in g  docum enta tion  and 
seek ing  adv ice  from  o th e r  known e x p e rts  in  the  f ie ld  be fo re  v is it in g  th e  jo b
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shop.
In i t ia l  know ledge a cq u is ition  consisted o f a d e ta iled  to u r  o f th e  jo b  shop, 
d u r in g  w h ich  notes were taken, fo llow ed b y  tw o extended know ledge 
a c q u is itio n  sessions. The in v e s tig a tio n  has n o t y e t re s u lte d  in  an 
im p lem enta tion  and th e re  is  s t i l l  f u r th e r  re q u ire m e n t to  in v e s tig a te  the  
s c h e d u le r 's  problem  so lv in g . N everthe less, s u f f ic ie n t  know ledge a cq u is itio n  
was u n d e rta ke n  to complete the  s t ru c tu ra l a n a lys is  o f  th e  s c h e d u le r's  
p rob lem  so lv in g  as ou tlin e d  below.
F in d in g s  on N ature  o f Problem S o lv ing
S ch edu ling  is  acknow ledged to  be a c o m b in a to ria lly  d i f f ic u l t  ta sk . P a rt ic u la r  
d i f f ic u lt ie s  a rise  in  the  case o f near ca p a c ity  schedu les  w here  the  sch e d u le r 
m ust a rb it ra te  between a num ber o f c o n s tra in ts . For in s tance , i f  i t  is  
u n lik e ly  th a t a ll o rd e rs  can meet th e ir  due da tes  th e n  w h ich  o rd e rs  can be 
allow ed to  s lip ?  M ust machine m aintenance a lw ays ta k e  precedence o v e r 
com ple tion o f an u rg e n t ru sh  o rde r?  Is  i t  w o rth  e la b o ra te  re - to o lin g  o f an 
e x is tin g  machine ju s t  to enable i t  to  cope w ith  an o rd e r  th a t canno t be 
accommodated anyw here  else on the  shop flo o r?
A ll these issues, and severa l o the rs , w ere  e n co u n te re d  in  the  Job Shop 
S ch edu ling  in v e s tig a tio n . Most o f th e  re s u lt in g  know ledge  a c q u is itio n  (and 
th a t  a n tic ip a te d  fo r  any fu r th e r  in v e s tig a tio n  o f th is  p rob lem ) conce n tra ted  
on th e  way in  w h ich  the  sched u le r copes w ith  a "c o m b in a to r ia lly  im poss ib le " 
prob lem .
From o u r  in v e s tig a tio n  we con firm  th a t hum an sc h e d u le rs  do no t p rodu ce
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optim um  schedu les. The re so lu tio n  o f the  many c o n f lic t in g  c o n s tra in ts  
(w h ich  we d e sc rib e  below in  th e  form  o f "h e a vy  in te r-s u b -d o m a in  
re fe re n c in g " )  is  beyond the  capa c ity  o f human sched u le rs . As a re s u lt  th e y  
have deve loped p rocedu res  to  deve lop  "good enough " ( ie  s a tis fic e d  b u t 
occas iona lly  co n s id e ra b ly  non-optim um ) schedules on a ro u t in e  basis.
Problem S tru c tu r in g  Props (Tools and A ids)
The p r im a ry  s ch e d u lin g  w orkspace is  the  G antt C h a rt w h ich , in  the  Job 
Shop S chedu ling  task , was a w a ll-m ounted  la rg e  w h ite b o a rd  w ith  perm anent 
m a rk ings  fo r  th e  days o f the  month etc. The schedu le  was assembled and 
m odified on th is  c h a r t  us ing  fe lt  t ip  m arkers. S u b s id ia ry  p a p e r form s and 
c h a rts , show ing  in d iv id u a l machine capac ity  p lans etc, w e re  used by the  
sch e d u le r on a ta b le  in  f r o n t  o f th e  wall mounted G antt C h a rt.
The G antt C h a rt is  a good example o f a problem  s o lv in g  p ro p  and (a lthough  
a c tu a lly  a w h ite b o a rd ) also v e ry  c le a r ly  i l lu s tra te s  hum an co -o p e ra tiv e  
problem  s o lv in g  us ing  a "b la c k b o a rd  a rc h ite c tu re " . The sch e d u lin g  is  
a c tu a lly  d is tr ib u te d  between severa l e xp e rts  who have re s p o n s ib ilit ie s  fo r  
d if fe re n t  p a r ts  o f the  jo b  shop schedule . (T h is  issue  is  se p a ra te  from  the  
"h ie ra rc h y  o f schedu les" issue d iscussed u n d e r "A d d itio n a l Comments" a t the  
end o f th is  sec tion . The separa te  schedu le rs  d iscussed h e re  a ll c o n tr ib u te  
to  th e  main " to p  le v e l"  schedule . T h is  " to p  le v e l"  sch e d u le  p ro v id e s  th e  
ta rg e t  dates and q u a n titie s  fo r  sepa ra te ly  u n d e rta ke n  sched u le s  fu r th e r  
down the  h ie ra rc h y .)
Such sched u le rs , fo r  instance, a re  aware o f the  c h a ra c te r is t ic s  o f d if fe re n t  
ty p e s  o f m achines and can comment on how c o n s tra in ts  may be re laxed in
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an impasse s itu a tio n . The G antt C ha rt acts as a common w o rkspa ce  fo r  th e  
e v o lv in g  schedu le  and th e  sched u ling  e x p e rts  a re  each able to  see how 
v a r io u s  p a r ts  o f th e  schedu le  im pact on th e ir  own p a r t  o f th e  jo b  shop. As 
a re s u lt  th e y  can so lve  problem s, say, co n ce rn in g  "b o tt le n e c k s "  in  th e ir  own 
area o r, i f  these  c a n n o t be so lved, they  can a le r t  th e  o th e r s c h e d u le rs  th a t 
some re laxa tion  m ust be made in  th e ir  areas to  fa c il ita te  so lu tio n  o f  th e  local 
problem .
G eneric Data
Data on m achine capac ities , in  term s o f s izes o f com ponents w h ich  can be 
processed and th ro u g h p u t  p e r hour, fo rm s th e  p r im a ry  "c a p a c ity "  g e n e ric  
da ta  upon w h ich  th e  e x p e rt bases his prob lem  s o lv in g . S u b s id ia ry  g e n e ric  
da ta  is  in  th e  fo rm  o f m achine m aintenance schedu les , ava ila b le  w o rk fo rc e  
fo r  jo b  chan geove r re - to o lin g  o f machines e tc.
S p e c ific  Data
O rd e r data  is  th e  p r im a ry  s p e c ific  data. A lso re q u ire d  is  da ta  on w o rk  in  
p ro g re s s  o r  a lre a d y  schedu led  fo r  the  c u r re n t  p e rio d . T hus  a ro ll in g  
schedu le  in h e r its  some w o rk  and commitment fro m  th e  p re v io u s  s c h e d u lin g  
p e rio d  and, in  tu rn ,  makes some com mitm ent on th e  fu tu re  s c h e d u lin g  
pe riod .
K now ledge S o u rces
S p ec ific  know ledge sources can be c le a rly  id e n t if ie d  fo r  th is  ta s k . (T h is
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d iv is io n  is  o v e r and above any d iv is io n  a n tic ip a te d  to  re p lic a te  the  
"w h ite b o a rd "  c o n tr ib u tio n  o f sepa ra te  sch e d u le r's  know ledge  as described  
u n d e r "P rob lem  S tru c tu r in g  P rops" above.)
A key know ledge source  concerns th e  sch ed u ling  o f s p e c if ic  o rd e rs  and the  
re laxa tion  o f c o n s tra in ts  in  respec t o f those o rd e rs . A n o th e r p r im a ry  source 
o f know ledge concerns sch e d u lin g  o f resources in c lu d in g  bo th  machines and 
s ta f f  s u p p o rtin g  them. To a la rg e  e x te n t, problem  s o lv in g  cons is ts  o f an 
a rb it ra t io n  between these tw o know ledge sources and th e  e ve n tu a l schedule  
is  th e  best sa tis fa c tio n  o f the  o rd e rs  w ith in  th e  a va ila b le  ca pa c ity .
O the r know ledge sources deal w ith  the  sepa ra te  issues  o f machine 
m aintenance (a lthou gh  th is  can sometimes be cons ide red  as a m anda to ry  "no  
p ro d u c t"  ta s k  fo r  s c h e d u lin g ), t ra n s p o r t  and s to ra g e  o f p a r t ia l ly  assembled 
p ro d u c ts  between machines and w ith  th e  a rb itra t io n  between d if fe re n t  sets 
o f c o n s tra in ts .
O pen/C losed Problem
The problem  is  closed b u t  th e  p o te n tia l num ber o f s o lu tio n s  (ie  schedu les) 
is  combi n a to r ia lly  exp losive .
P ro a c tive /R e a c tive  Problem
The problem  is  so le ly  re a c tiv e  to  th e  need to p rodu ce  schedu les  to  s a tis fy  
o rd e rs .
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Problem  Solving A rch itec tu re
In  Small Business Guidance (M u ltip le  S im ple Search w ith  M inim al Reference 
L in k in g )  ju s t  cons ide red , th e  re fe rences to  sub -dom a ins  o u ts id e  th e  c u r re n t  
focus o f a tte n tio n  were re la t iv e ly  in fre q u e n t.  For in s ta n ce , i t  w ould be 
ra th e r  unusua l fo r  re fe ren ces  to be made more th a n  tw ice  from  any one 
sub-dom ain  to  an o th e r d u r in g  the  s o lu tio n  to  a p a r t ic u la r  problem .
Job Shop S chedu ling  also has a se ries  o f sub -dom a ins  w h ich  can be 
cons ide red  as separate. However re fe re n ce  l in k in g  between them is  v e ry  
cons id e ra b le  and, to  some exten t, the  e x p e rt can be v iew ed as co n s id e r in g  
a num ber o f d isp a ra te  sub-dom ains on a "c o -o p e ra t iv e "  basis. Tha t is , 
th e re  a re  many req u ire m e n ts  fo r  in fo rm a tio n  to  be passed between s u b -  
dom ains as each is  cons ide red  and th u s  th e  sub -do m a ins  may be th o u g h t o f 
as c o -o p e ra tin g .
In  Job Shop S chedu ling  (and Eurobond T ra d in g  w h ich  fo llo w s ) th e re  is  th u s  
th e  p ro sp e c t o f v e ry  heavy re fe rence  between sub -dom a ins . In  fa c t th e  
re fe re n c in g  is  p o te n tia lly  so heavy th a t  human p rob lem  s o lve rs  fa il to  
o p tim a lly  so lve  a n y th in g  b u t the  most s t ra ig h t fo rw a rd  prob lem s. In  o th e r  
w o rds, th e  human sch e d u le r e ith e r  has to  a lm ost c o n tin u o u s ly  ju m p  from  one 
aspect o f th e  problem  to  ano the r o r, as a c tu a lly  happens, ig n o re  the  
repea ted re q u ire m e n t to  cons ide r m u ltip le  aspects  o f th e  p rob lem  and make 
a non -op tim um  so lu tion .
Job shop sch e d u lin g  e n ta ils  th e  c o n s tru c tio n  o f schedu les  m eeting a num ber 
o f c o n s tra in ts . Such c o n s tra in ts  can be c o n s id e re d  to  come from  separa te  
sub -dom a ins  o f  the  o ve ra ll jo b -sh o p  sch e d u lin g  domain. For ins tance , th e  
re q u ire m e n t f o r  in d iv id u a l o rd e rs  to be d e liv e re d  on tim e  can be co n s id e re d
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a p a r t ic u la r  spec ia lised  aspect o f the  sch e d u le r's  e xp e rtise . In  some cases 
the  n a tu re  o f th e  o rd e r  (o r  the  custom er) means th a t  o rd e rs  can be 
d e liv e re d  la te r  th a n  the  ideal d e liv e ry  date. S im ila rly , some o rd e rs  may be 
d e liv e re d  e a r ly  w ith o u t the  re qu ire m en t to  u til is e  va luab le  w arehouse  space 
u n t il th e  custom er is  p repa red  to  rece ive  them. The s c h e d u le r m ust be 
e x p e rt a t " c o n s tra in t  re la xa tio n s " o f these k inds.
A n o th e r aspect o f th e  sch e d u le r's  e xpe rtise  conce rns th e  se lec tion  o f 
machines to  u n d e rta k e  th e  process ing  o r  m anufactu re  o f any  o rd e r . For 
in s tan ce , small screw s a re  id e a lly  made on a small s c re w -m a k in g  machine. 
However, i f  i t  im p roves  the  fe a s ib il ity  o f the  schedule , th e  s c h e d u le r may 
use h is  know ledge abou t screw  p ro d u c tio n  to  re -s ch e d u le  th e  p ro d u c tio n  o f 
small screw s on a machine id e a lly  in ten ded  fo r  the  m a n u fa c tu r in g  o f la rg e  
size b o lts  and screw s. Again th is  is  an example o f c o n s tra in t  re laxa tion . 
The c o n s tra in t in  question  is  th a t item s shou ld  be made on machines 
op tim ised  fo r  th e  s ize o f item  in  question . C o n s tra in t re la xa tio n  e xp e rtise  
is  used to re lax  th is  " s o f t "  c o n s tra in t in  the  case o f "s m a ll"  item s be ing  
made on " la rg e "  machines. U sua lly  th e  reve rse , w here " la rg e "  item s were 
to  be made on "sm a ll"  machines, would be p h y s ic a lly  im poss ib le  and 
c o n s tra in t re la xa tio n  e xp e rtise  could no t re lax th is  " h a rd "  c o n s tra in t.
A fu r th e r  sub -dom a in  o f th e  sch e d u le r's  expe rtise  co n ce rn s  th e  need to  
m ain ta in  th e  e qu ipm en t o f the  jo b  shop in  good o rd e r  and fo r  th is  he m ust 
be able to  schedu le  ro u tin e  maintenance. Again th e re  a re  c o n s tra in ts  and, 
fo r  in s tance , a m achine m ust not be le f t  un m ainta ined fo r  too lo n g  as th is  
w ill p red ispose  to  sudden mechanical fa ilu re . (T h is  is  e x a c tly  th e  s o r t  o f 
issue  a lre a d y  cons ide red  in  E ng ineering  P re ve n ta tive  M a in tenance .)
A n o th e r sub -dom a in  o f th e  sch e d u le r's  know ledge conce rns lo t  s p l i t t in g .  To 
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w h a t e x te n t is  i t  e f f ic ie n t  to  s p l it  an o rd e r so th a t  i t  can be f i t te d  in  th e  
gaps between o th e r  jo b s . There  is  a tra d e o ff  between th e  a b i l i ty  to  
p ro d u ce  goods and th e  e x tra  e f fo r t  re q u ire d  to  se t and re -s e t th e  to o lin g  
on the  machine.
These a re  ju s t  fo u r  o f  th e  separa te  sub-dom ains w h ich  jo b -s h o p  s ch e d u le rs  
may co n s id e r. In  any p a r t ic u la r  jo b -s h o p  th e re  w ill be a f ix e d  se t o f 
sub -dom a ins  (p e rh a p s  f iv e  o r  s ix ) which m ust be cons ide red  d u r in g  the  
c o n s tru c tio n  o f a schedu le . Most o f the  re fe re n ce s  to  any sub -dom a in  w ill 
conce rn  c o n s tra in t re laxa tion  as p ro v id e d  in  th e  examples above.
The in te r-s u b -d o m a in  re fe ren ces  are usua lly  so heavy th a t i t  is  re a lis t ic  to  
c o n s id e r th a t c o -o p e ra tiv e  problem  so lv ing  is  in v o lv e d , ca llin g  upon v a r io u s  
know ledge sources each re le v a n t to  a p a r t ic u la r  sub -dom a in . A b la ckb o a rd  
a rc h ite c tu re  is  p o te n tia lly  the  most s u ita b le  way o f re p re s e n tin g  such 
prob lem  s o lv in g .
N everthe less, when th e  jo b -s h o p  is  v e ry  much less  th a n  sa tu ra te d , ju s t  one 
sub-dom ain  search can s a t is fa c to r ily  com plete th e  schedu le  w ith o u t the  
re q u ire m e n t to  re fe r  to  o th e r  sub-dom ains fo r  c o n s tra in t  re la xa tio n . I t  is  
o n ly  as s a tu ra tio n  is  approached (pe rhaps dem onstra ted  by  a b o tt le n e c k  in  
the  schedu le ) th a t c o n s tra in ts  must be re laxed. A f te r  th is  po in t, a s itu a tio n  
soon a rises  w here  the  p re s s u re  o f in te r-s u b -d o m a in  re fe rences  exceeds th a t 
w h ich  w ill enable an op tim a l schedule to  be approached .
S ch edu ling  also il lu s tra te s  th e  use o f inadequa te  t r ia l  so lu tio n s  ite ra te d  back 
in to  a new cyc le  o f p rob lem  so lv ing . Th is  is  s im ila r  to  t h e  s itu a t io n  found  
in  A u d it  W ork P lann ing . A schedu le r can recogn ise  th e  inadequacies o r  la ck  
o f o p tim a lity  in  a sched u le  w h ich he has ju s t  p rodu ced  and w ill u s e  th is
\
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in fo rm a tio n  as in p u t  to  a new a ttem pt to  p roduce a b e t te r  schedu le .
D iagram m atic R epresen ta tion  o f Problem So lv ing  Components
In  th is  d iagram  th e  va r io u s  sub-dom ain components a re  more h e a v ily  lin k e d  
and, as w ith  A u d it  W ork P lann ing, th e re  is  a c lea r i te ra t iv e  fe edba ck  loop 
from  th e  conc lus ion  stage back to  the  in it ia l data  a c q u is itio n .
Of course , th e  f in a l schedu le  in  a ll i t s  com plexity  is  th e  f in a l "G rand  
O ve ra rch in g  C onc lus ion".
M u ltip le  Simple (o r  C o -opera tive ) Search w ith  Heavv 
Reference L in k in g  -  Fixed Set o f Sub-Dom ains
Global In it ia l Search Domain P rim a ry  S econda ry
Data Problem  P re - Search C onclusion C onclus ions
A cq u is itio n  A n a lys is  C o ns tra in in g
II
\ /
=>
=>
=>
=>
=>
=>
=>
I
\ /
Heavy Reference 
L in k in g
= >  = >  = >  = >  = >  = >  = >  = >
=>  => =>  =>  =>  => =>  =>
=> =>  => =>  =>  =>  => =>
 <--------------------------------
\ / \ /
= >  = >  = >
= >  = >  = >  
 <--------
■=>
Ite ra t iv e  Feedback G rand
O v e ra rc h in g
C onclus ions
Commercial Im p lem enta tion  Details
Th is  system  has n o t y e t been im plem ented due to  la ck  o f  s p o n s o r 's  b u d ge t.
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However, o th e r  fa c to rs  would have made im p lem en ta tion  d i f f ic u l t  and the  
system  o n ly  p a r t ia l ly  e ffe c tiv e . Key im p lem enta tion  d if f ic u lt ie s  w ou ld  a rise  
s im p ly  because o f the  com plex ity  o f the  in te ra c t io n s  between th e  va rio u s  
know ledge sub-dom ains.
A d d it io n a lly , th e  system  would have been o n ly  p a r t ia l ly  e f fe c t iv e  because 
d o w n tu rn  in  bus iness demand fu n d a m e n ta lly  a lte re d  th e  jo b  shop 
c o n s tra in ts . A t tim es o f economic boom, jo b  shops a re  w o rk in g  a t nea rly  
100% o f th e  th e o re tic a l capac ity  o f the  machines in  th e  jo b  shop. S ta ffin g  
is  no t an issu e  s ince  th e  w ork load can s u p p o r t  th e  h ir in g  o f e x tra  s ta f f  to  
man th e  m achines. T h e re fo re  the  task  o f th e  e x p e rt (and o f th e  proposed 
e x p e rt sys tem ) was to  schedule  the  machine usage to  enable th e  maximum 
th ro u g h p u t f o r  th e  jo b  shop.
However, d u r in g  recession, the  jo b  shop is  n o t re q u ire d  to  w o rk  a t fu l l  
c a p a c ity  and a p ro p o rt io n  o f the  s ta f f  are made re d u n d a n t. In  th is  case the  
prob lem  becomes one o f sched u ling  the  s ta f f  so th a t  th e y  can w o rk  a t 
n e a rly  100% ca p a c ity . S ince equ ipm ent canno t be made re d u n d a n t th e re  are 
now excess m achines and th e re  is  no rea l need to  c o n s tru c t a complex 
schedu le  o f machine usage equipm ent. In  fa c t,  th e  main re q u ire m e n t is  to 
avo id  s e t t in g -u p  e f fo r t  on machines since th is  is  a p rim e  ca ll on s ta f f  time.
The proposed system  was f i r s t  cons idered when th e  jo b  shop was a t fu ll 
ca pa c ity . I t  d id  no t u n d e rta ke  s ta ff  sch e d u lin g  and th u s  was n o t re a lly  
f i t te d  to  th e  problem  when d o w n tu rn  in  demand changed th e  c o n s tra in ts  
from  m achines to  s ta ff in g .
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A dditional Comments
Two fu r th e r  aspects o f th e  "Job Shop S chedu ling " ta s k  a re  also im p o rta n t 
when co n s id e r in g  th e  fe a s ib il ity  o f app lica tions  to  s u p p o r t th is  ty p e  o f task . 
To c la r i fy  th e  f i r s t  aspect i t  is  considered w ith  re fe re n ce  to  analogous 
s itu a tio n s  in  h o lid a y  com panies and fin a n c ia l tra d in g . The second aspect is  
concerned w ith  th e  consequences o f re la tio n sh ip s  between a h ie ra rc h y  o f 
schedu le rs .
Job shop s c h e d u lin g  is  a d i f f ic u l t  ta sk  to  s u p p o rt w ith  an e x p e rt system  b u t 
human e xp e rts  make a reasonable jo b  o f i t .  They schedu le  " jo b s " ,  w h ich  
are  p ro d u c tio n  ru n s  o f v a r io u s  m anufactu red  item s th ro u g h  a " jo b  shop " 
co n s is tin g  o f a range  o f u n ive rsa l machines w h ich can be se t up in  
com binations to  p e rfo rm  th e  va rio u s  stages o f m anu factu re  fo r  each jo b . In  
the  main th e  e x p e rts  p rodu ce  a "s a t is f ic e d "  schedule , w h ich  a lth o u g h  not 
op tim ised, g ive s  adequate  use o f the  the o re tica l th ro u g h p u t c a p a c ity  o f  the  
jo b  shop. ( In  an idea l schedule , jo b s  would be schedu led  to  use 100% o f 
the  jo b  shop 's  ca p a c ity  w ith  no machines "w a it in g "  fo r  a n o th e r m achine to  
f in is h  its  s tage  in  the  m anu fac tu re  o f a p a r t ic u la r  jo b .)
One reason w hy a human sch e d u le r may succeed w here  an e x p e rt system  
fa ils  is  th a t th e  jo b  shop sch ed u ling  problem  is  no t f u l ly  d e s c rib e d  in  
advance o f th e  re q u ire m e n t to  p roduce  a schedule. In  consequence the  
s ch e d u le r m ust make and manage re la tio n sh ip s  w ith  th e  custom ers. To make 
exp lana tion  eas ie r th is  s itu a tio n  w ill be described  by us in g  th e  ana logy o f 
a ho lid ay  to u r  com pany.
The ho lid ay  to u r  com pany p re -b o o ks  b locks o f hotel rooms and a ir  f l ig h ts  
and coach jo u rn e y s  between to u r  venues in  advance o f th e  season. (These
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can be cons ide red  as e q u iv a le n t to  in s ta lle d  machine ca p a c ity .) In te n d in g  
ho lidaym ake rs  send in  a p p lica tio n  fo rm s fo r  the  to u r  it in e r ie s  th a t  th e y  
re q u ire  and th e  chosen weeks o f th e ir  ho lidays . (T h is  is  ro u g h ly  e q u iv a le n t 
to  the  " jo b s " .)  I f  boo k ing s  are  poor fo r  th e  season then i t  is  easy fo r  
th e  h o lid ay  company to  p roduce  a schedu le  w h ich  g ives  e v e ry b o d y  th e  
rooms and jo u rn e y s  th a t  th e y  re q u ire . B u t the  h o lid ay  com pany makes a 
loss s ince  th e re  are  many vacancies in  the  schedule .
I f  boo k ing s  approach th e  th e o re tica l ca p a c ity  then  i t  is  in e v ita b le  th a t  a 
w o rka b le  schedu le  cann o t be crea ted s ince  in d iv id u a l p re fe re n ce s  w ill 
in e v ita b ly  mean o v e rb o o k in g  o f some rooms a t c e rta in  p e r io d s  and 
u n d e rb o o k in g  a t o th e rs . (T h is  is  e q u iv a le n t to  custom ers a sk in g  fo r  th e ir  
jo b s  to  be com pleted a t due dates w h ich  happen to  co inc ide  to  th e  e x te n t 
th a t a "b o tt le n e c k " , w here  a p a r t ic u la r  machine is  overbooked , is  c re a te d .)
To e n su re  th a t  the  h o lid a y  company can s a t is fy  th e  maximum num ber o f 
custom er book ings  and maximise i t s  p ro f its ,  th e  company w ill te lephone  
in d iv id u a l custom ers to  ask w h e th e r th e y  w ill accep t ho lidays  a t d i f fe re n t  
dates o r  loca tions. U su a lly , a ltho ugh  th e y  have booked s p e c ific  dates and 
loca tions , custom ers w ill have a degree o f f le x ib i l i t y  and a s u f f ic ie n t  num ber 
o f custom ers w ill be able to  make a d ju s tm e n ts  to  th e ir  dates and lo ca tions  
to  enable  th e  company to  p re p a re  a v ia b le  and p ro f ita b le  schedule .
The same nego tia tion  o c c u rs  in  jo b  shop sch e d u lin g . When a b o ttle n e c k  is  
a p p a re n t th e  human s c h e d u le r asks custom ers w h e th e r, fo r  in s ta n ce , th e y  
w ill accep t e a r ly  d e liv e ry  (w h ich  is  u su a lly  poss ib le  i f  th e y  have s u f f ic ie n t  
s tock  space) o r  w h e th e r a small de lay in  d e liv e r in g  th e  o rd e r, o r  p a r t  o f i t ,  
w ill cause a problem . By m aking a se ries  o f te lephone  ca lls  th e  human 
s ch e d u le r can u sua lly  a d ju s t  jo b s  a round  th e  b o ttle n e c k  so as to  e f fe c t iv e ly
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rem ove i t  and  so p ro d u ce  a v iab le schedu le .
T h is  process is  v e ry  d i f f ic u l t  to re p ro d u ce  w ith  an e x p e rt system  because, 
in  essence, the  system  needs a human ass is ta n t to  te lephone  and negotia te  
w ith  custom ers d u r in g  the  p ro d u c tio n  o f the  schedule . I t  is  n o t possib le  
to  p re -s p e c ify  th e  f le x ib i l i ty  o f each custom er (ie  th e  p rob lem  c o n s tra in ts )  
to  enable a v ia b le  schedule  to  be p roduced  w ith o u t re fe re n c e  to  the  
custom ers d u r in g  the  schedu ling  process.
I f  such a "s c h e d u le r 's  a s s is ta n t" is  necessary to  a s s is t any e x p e rt system 
s ch e d u le r then  i t  is  d i f f ic u l t  to  persuade  the  sponsor th a t  th e  e x p e rt system  
is  com petent and c o s t-e ffe c tiv e . S im ila rly , and a more in s id io u s  problem , is  
th e  fa c t  th a t  th e  human sched u le r is  also an e x p e rt on th e  management o f 
custom ers. For ins tance , he w ill know (o r con tac t h is  A ccoun ts  D epartm ent 
to  check) th a t  a p a r t ic u la r  custom er is  la te  w ith  h is  paym ents. In  such 
cases i t  is  more l ik e ly  th a t the  custom er w ill accept la te  d e liv e r ie s  o r  p a rtia l 
d e liv e rie s  w ith  a second d e liv e ry  on an a lte rn a tiv e  date . In  o th e r  cases, 
th e re  w ill be custom ers who have been in  d is p u te  w ith  th e  com pany o ve r 
p ro d u c t q u a lity  o r  fa ilu re  and who would be v e ry  annoyed  w ith  a 
sugg es tion  th a t  the  d e liv e ry  date o f th e ir  c u r re n t  o rd e r  shou ld  be changed. 
In  such cases th e  sched u le r w ill n o t a tte m p t to ca ll th e  cus tom er to  suggest 
a change in  th e ir  o rd e r.
T he re  w ill be a range  o f o th e r c ircum stances w here  th e  human sched u le r 
uses s p e c ific  know ledge to  manage th e  custom ers and i t  is  d i f f ic u l t  e ith e r 
to  encode these  o r  use them w ith in  an e x p e rt system . (An analogous 
p rob lem  o ccu rs  in  th e  re la tio n s h ip s  between f in a n c ia l t ra d e rs  who have "he  
owes me a fa v o u r "  re la tio n sh ip s . One tra d e r  w ill o fte n  g e t a specia l low 
p r ic e  from  a n o th e r t ra d e r  because he p ro v id e d  a s im ila r  fa v o u r  to  th e  o th e r
194
I n v e s t ig a t io n s  o f  O c c u r a t io n a l  P roblem  S o l v in g  
t ra d e r  p re v io u s ly . One p ro to ty p e  fin a n c ia l t ra d in g  e x p e rt system  a c tu a lly  
p ro v id e d  an "owes me one " flag  (w ith  tw o le v e ls  o f  va lue ) f o r  t ra d e rs  to  
re co rd  th e ir  d e b ts  and ow ings to  o th e r t ra d e rs .)
The second aspect o f fe a s ib il ity  o f Job Shop S ch e d u lin g  ta sk  a rise s  because 
s c h e d u lin g  is  a c tu a lly  conducted  as a h ie ra rc h y  o f  schedules. The m aster 
sc h e d u le r ( to g e th e r  w ith  o th e r expe rts  as d e s c r ib e d  above) p re p a re s  a 
m on th ly  ro ll in g  schedu le  (as a G antt c h a r t)  fo r  th e  p ro d u c tio n  o f th e  o rd e rs  
o f v a r io u s  ty p e s  o f p ro d u c ts  th a t month. O rde rs  a re  d is tr ib u te d  th ro u g h o u t 
th e  month and a re  fo r  p ro d u c ts  such as te le v is io n  se ts  in  a range  o f  screen 
sizes, cab ine ts  and com binations o f fa c il it ie s  such as s te reo  sound, te le te x t, 
rem ote c o n tro l, v is io n - in -v is io n ,  UK and o th e r  European s igna l s ta n d a rd s , 
e tc.
The m aster schedu le  in d ic a te s  a c tiv it ie s  such as "com ponent in s e r t io n "  on 
s p e c if ic  p r in te d  c ir c u i t  boa rds (RGBs), f in a l assem bly in to  ca b ine ts , e tc  fo r  
each o f th e  o rd e rs . As described  above th e  m aste r schedu le  is  a c tu a lly  
p re p a re d  on specia l w h iteboa rds , in  the  fo rm  o f la rg e  G antt c h a rts , c o v e rin g  
th e  w a lls  o f th e  sch e d u lin g  room. Once th is  sched u le  has been p ro d u ce d  i t  
is  t ra n s c r ib e d  on to  pap e r and d is tr ib u te d  to  th e  v a r io u s  d ep a rtm en ts  o f the  
fa c to ry .  Here i t  becomes the  basis o f o rd e rs  to  those  depa rtm en ts . For 
in s ta n ce  th e  FOB d e p a rtm e n t must c u t la rg e  shee ts  o f  copper p la te d  glass 
f ib r e  shee ts in to  th e  s izes fo r  each board , e tch  th e  c ir c u i t  tra c k s , d r i l l  the  
com ponent holes and clean the boards. The ca b in e t d e p a rtm e n t m ust 
p re p a re  the  re s in s  and ex tru s ion  presses so as to  p ro d u ce  cab ine t 
com ponents fo r  assem bly in to  cab ine ts  to  house th e  TV chassis.
The re s u lt  is  th a t th e  o th e r  departm ents also have to  p roduce  schedu les  to 
s a t is fy  the  o rd e rs  from  the  m aster sched u le r. In  some cases th e  s u b ­
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schedules p roduced  b y  these  depa rtm en ts  become o rd e rs  to  f u r th e r  
departm ents (o r  e x te rna l s u p p ly  c o n tra c to rs )  and th e re  is  th u s  a th ir d  la y e r  
o f sched u ling  to  be u n d e rta ke n . For example, c e rta in  p r in te d  c ir c u i t  board 
sub-assem blies are  "com ponents" o f th e  TV m aster p r in te d  c ir c u i t  board . 
The p ro d u c tio n  o f such sub-assem blies  demands a su b -sch e d u le . However, 
the  machines w h ich  in s e r t  th e  com ponents in to  th e  p r in te d  c ir c u i t  a re  
re lia n t oh "b a n d o lie rs "  w h ich  are  l ik e  m achine-gun b a n d o lie rs  b u t  co n s is t 
o f repeated sequences o f com ponents mounted on tw in  pap e r tapes and in  
the  r ig h t  o rd e r  fo r  in s e rt io n . The bando lie rs  m ust be p rodu ced  by  a 
s p e c ia lis t c o n tra c to r  who needs to  schedu le  th is  w o rk  as p a r t  o f h is  o ve ra ll 
load. (The p ro d u c tio n  o f com ponents cou ld  be cons ide red  as a fo u r th  su b ­
la y e r  o f the  schedu le  b u t  m a n u fa c tu re rs  hold s u f f ic ie n t  b u f fe r  s to cks  fo r  
th is  to  be ir re le v a n t.)
The sched u ling  h ie ra rc h y  w o rks  well in  normal c ircum stances. The m aster 
schedule  takes abou t a week to  p re p a re  and the  su b -sch e d u le s  each take  
abou t th re e  w o rk in g  days. P rov ided  th e  schedules are  commenced a month 
in  advance th is  causes no problem s. However, i f  th e re  is  an unexpected 
m a nu fac tu ring  problem , th e  p rocess is  th ro w n  in to  chaos.
An extrem e example o c c u rre d  when a new v a r ia n t o f a te le v is io n  se t was 
be ing  produced . A new tu n e r  had been designed and th is  was to  be 
in co rp o ra te d  in  th e  te le v is io n  sets. However, when th e  f i r s t  se ts  reached 
the  end o f the  p ro d u c tio n  lin e  i t  was found  th a t th e y  fa ile d  to  w o rk  
p ro p e rly . The tu n e r  had been des igned  ou ts ide  the  UK and had been tested  
aga ins t sim ula ted UK PAL b roadcasts . However, the  s im u la ted  b roadcasts  
were in c o rre c t and tu n e rs  d id  no t w o rk  aga ins t actual s ig n a ls  in  th e  UK.
The p ro d u c tio n  had to  be im m edia te ly ha lted  and a new schedu le  p roduced  
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to  enable o rd e rs  o f p roven  models to  be com ple ted. However, even by 
w o rk in g  on an em ergency basis, the  new sched u le  took  abou t fo u r  days to  
com plete. The sub -schedu les  fo r  the  PCBs and c a b in e ts  also took  a couple 
o f days w ith  the  re s u lt  th a t the  fa c to ry  was a t a s ta n d s t il l fo r  a w o rk in g  
week a w a itin g  a schedule . The fin a n c ia l loss  was enorm ous because the  
la rg e  num ber o f machine ope ra tives  had n o th in g  u s e fu l to  do.
Had an e f f ic ie n t  e x p e rt system  sch e d u lin g  system  been in  p lace re ­
sch e d u lin g  a t th e  v a rio u s  le ve ls  cou ld  have been u n d e rta k e n  in  a m a tte r o f 
hou rs . In  fa c t, h ie ra rch ica l sched u ling  w ou ld  n o t have been necessary since 
a s in g le  system  would be able to  undertake all the scheduling leve ls . 
N everthe less, the  problem s o f managing s c h e d u lin g  re la tio n s h ip s  p re ve n te d  
a fu l l  im plem entation so th a t the  fa c to ry  s t i l l  uses human sch e d u le rs  w ith  
th e  r is k  o f c a ta s tro p h ic  stoppages rem a in ing . Even th o u g h , fo r  th e  reasons 
de sc rib e d  above, any sch ed u ling  system  w ou ld  have re q u ire d  an e x p e rt 
human a ss is tan t, we su g g e s t th a t the  a v a ila b il ity  o f such a system  to  re ­
schedu le  in  ca tas trophes  would in  i t s e l f  ju s t i f y  th e  im p lem entation 
in ve s tm e n t.
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3.14 TELECOM REPAIR SERVICE
S ponsoring  O rgan isa tion
Th is  in v e s tig a tio n  was sponsored  b y  B r it is h  Telecom and was conducted  as 
p a r t  o f the  a u th o r 's  w o rk  w ith  th a t company.
In tro d u c tio n
The in v e s tig a tio n  o f th e  Telecom Repair S e rv ice  ta s k  form ed th e  in it ia l basis 
o f  th is  research . In  th e  e v e n t i t  caused a m a jo r change o f c a re e r fo r  th e  
a u th o r  and in  tu rn  th is  ca re e r tra n s it io n  m a rke d ly  a ffe c ted  th e  course  o f 
th e  research . As a re s u lt  th e  Telecom R epair S e rv ice  in v e s tig a tio n  re p o r t  
d if fe r s  to  and is  more de ta iled  than  the  re m a ind e r o f the  re p o r ts  in  th is  
ch a p te r.
D escrip tion  o f th e  Telecom Repair S e rv ice  Task Domain
The Repair C on tro l O ff ic e r (RCO) is  a s k ille d  te lecom m unications te ch n ic ia n  
em ployed in  a B r it is h  Telecom Repair S e rv ice  C en tre  (RSC). Such RSCs are  
th e  foca l po in ts  fo r  th e  recep tion , d iagnos is  and  p ro g re s s  o f  r e p a ir  o f  
te lephone fa u lts  in  a local te lephone n e tw o rk . W ith in  th is  w o rk in g  
e n v iro n m e n t th e  RCO, to g e th e r  w ith  his co lleagues, may have to  deal w ith  
the  d iagnos is  and management o f fa u lts  on any one o f up to  100,000 
te lephone lin e s  se rved  b y  up to  tw e n ty  te lephone  exchanges.
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The RCO, who u su a lly  has a b a ckg ro u n d  o f cons ide rab le  " f ie ld "  experience, 
w o rks  a t a "T e s t Desk" w h ich  is  s im ila r  in  appearance to  th e  o p e ra to r 's  
"s w itc h b o a rd " as used in  th e  pe rio d  o f manual te lephone exchanges. The 
Test Desk is  equ ipped  bo th  w ith  incom ing  "c o m p la in t" . lin e s  from  custom ers 
and also w ith  specia l c irc u its ,  ro u te d  v ia  the  se rved  te lephone  exchanges, 
w h ich can be used to  make e le c tr ic a l te s ts  on custom ers ' lin e s .
The RCO rece ives te lephoned fa u lt  re p o r ts  from  custom ers, makes diagnoses 
o f the  lik e ly  cause and loca tion  o f fa u lts  and acts as a f ie ld  s ta f f  c o n tro lle r  
to  p ro g re ss  c learance o f fa u lts . O ur in te re s t  lie s  in  th e  RCO's d ia g n o s tic  
ro le  in c lu d in g  both  e le c tr ic a l te s tin g , d ia g n o s tic  questioning o f the customer 
and th e  use and in te rp re ta t io n  o f re co rds .
I t  was known th a t many exchange lin e  d iagnoses were p o o rly  made and th a t 
th e re  was cons ide rab le  perfo rm ance  v a r ia tio n  between in d iv id u a l RCOs. In  
th e  U n ited  Kingdom dec is ions made b y  the  s u b je c ts  o f o u r  in v e s tig a tio n  
commit the  a c t iv it ie s  o f some 20,000 fau ltsm en and dec is ions to  u nn ecessa rily  
o r  in a p p ro p r ia te ly  commit sp e c ia lis t s ta f f  are, in  o ve ra ll te rm s, v e ry  cos tly .
Reports o f fa u lts  o r  poo r se rv ice  on cus tom er's  te lephone lin e s  a re  usua lly  
rece ived  by a F a u lt R ecep tion is t (who may sometimes be th e  normal 
te lephone o p e ra to r) and passed to  an RCO fo r  d iagnosis. The fa u lt  re p o rts  
a re  e ith e r  w r it te n  on a pape r "d o c k e t"  o r  en te red  on a fa u lt  database. The 
d ia g n o s tic  p a r t  o f th e  RCO's jo b  s ta r ts  when he has be fo re  him the  docke t 
o r  screen d e ta ilin g  the  cus tom er's  com pla in t to g e th e r w ith  a F a u lt Record 
Card (o r  its  database e q u iv a le n t)  w ith  de ta ils  o f the  com p la ina n t's  lin e . The 
la t te r  docum ent re co rd s  perm anent in fo rm a tio n  abou t th e  lin e , eg custom er's  
address, equ ipm ent in s ta lle d  etc, and also a " h is to ry "  o f p re v io u s  fa u lts .
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We a re  concerned w ith  th a t  p a r t  o f the  RCO's jo b  w he re  he m ust p ro g re ss  
from  th e  fa u lt  re p o r t  to  a decision on action  re q u ire d . The range  o f op tions  
is  w ide. F o r ins tance , a t one extreme, i t  may be dec ided  th a t  no fu r th e r  
ac tion  is  re q u ire d  (eg w here  the  custom er r e p o r t  is  suspec t o r  the  fa u lt  
un trace ab le ). A t the  o th e r  extreme, a dec is ion  may be made to  a le r t  a cable 
gang to  u n d e rta k e  h ighw ay excavation o r  o th e r  m a jo r w o rk .
The RCO commences h is d iagnosis  on the  bas is  o f in fo rm a tio n  on th e  re p o r t  
d o cke t and F au lt Record Card. Th is  in fo rm a tio n , com bined w ith  th e  re s u lts  
o f  e le c tr ic a l te s ts  pe rfo rm ed  on th e  Test Desk and re p lie s  to  d ia g n o s tic  
q u e s tio n in g , is  used in  c o n ju n c tio n  w ith  th e  RCO's own know ledge o f the  
loca l n e tw o rk  and genera l experience o f fa u lt  d iagno s is .
Knowledge A cq u is itio n  in  the  Normal W ork ing  E n v iro n m e n t
As w ill be exp la ined in  C hapter 4, most academ ic research  in to  problem  
s o lv in g , as p a r t  o f the  u n d e rs ta n d in g  o f human c o g n itio n  and la t te r ly  w ith  
th e  a id o f com pu te r s im u la tion , has taken  p lace in  th e  la b o ra to ry  o r  o th e r 
place rem ote from  th e  w o rk in g  env ironm en t.
We cou ld  no t adop t th is  approach fo r  Telecom R epa ir S e rv ice . As de ta iled  
below, d ia g n o s tic  p ro toco ls  were co llected  and th e re  w ould have been 
co n s ide rab le  d i f f ic u l ty  and expense re s u lt in g  fro m  th e  s im u la tion  o f the  " l iv e  
t r a f f ic "  (ie  rea l fa u lts  from  genuine custom ers) on w h ich  the  RCO depends 
to  dem onstra te  h is s k ills . More im p o rta n tly  th is  ta s k  re q u ire s  th e  use o f 
a com plex Test Desk coupled to  special te s tin g  a p p a ra tu s  fo rm in g  an in te g ra l 
p a r t  o f a real te lephone exchange. There  was th u s  no a lte rn a tiv e  b u t to  
co n d u c t the  lin e  d iagnos is  know ledge a c q u is it io n  in  th e  norm al Repair
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S erv ice  C en tre  w ork ing  env ironm ent.
Use o f Real D iagnostic  Examples and C o ncu rre n t V e rba lisa tion
A lth ough  the  re q u ire m e n t to  u n d e rta k e  know ledge a c q u is itio n  "on  s ite "  cou ld  
no t be avo ided fo r  Telecom R epair Serv ice, the  choice o f th e  actua l method 
o f know ledge a c q u is itio n  was no t cons tra ined  in  the  same way. Thus, 
a ltho ugh  i t  was essen tia l to  u n d e rta k e  know ledge a c q u is itio n  a t the  Test 
Desk, we w ere  fre e  to  use any p a r t ic u la r  method o f a c q u ir in g  th e  RCO's 
know ledge. N everthe less, in  th e  even t, the actual m ethod chosen was 
in tim a te ly  lin k e d  to  the  w o rk in g  T es t Desk env ironm ent.
For Telecom R epair S e rv ice  we chose to  co llec t actual d ia g n o s tic  p ro toco ls  
supp lem ented b y  th e  responses to  supp lem enta ry  q u e s tio n s  from  th e  
expe rim en te r. A p a rt from  E urobond T rad ing  w h ich in v o lv e d  p ro toco ls  "b y  
re v ie w ", th e  m ethod o f know ledge acqu is ition  used fo r  Telecom Repair 
S e rv ice  is  ra th e r  a t va ria n ce  to  methods used in  a ll o f th e  o th e r  ta sks  
in v e s tig a te d . Such o th e r ta sks  in v o lv e d  know ledge a c q u is itio n  g e n e ra lly  
fo llo w in g  a "c o n v e rs a tio n a l"  s ty le  w ith  fre q u e n t use o f h y p o th e tic a l examples 
etc.
F u rth e r, in  some o f the  o th e r  ta sks  such as Benchtop E le c tro n ic  D iagnosis 
we have sometimes used c o n c u rre n t ve rb a lisa tio n  w here we have asked th e  
e x p e rt to add a com m entary to  th e  ta s k  as he pe rfo rm s i t .  T h is  com m entary 
is  made so le ly  fo r  the  e xp e rim e n te r's  b e n e fit and, o f course , is  n o t made b y  
the  unobserved  e xp e rt.
However, in  Telecom Repair S e rv ice , the  ve rba lisa tio n  (eg spea k ing  to  th e  
202
I n v e s t ig a t io n s  o f  O c c u r a tio n a l  P roblem  S o l v in g  
rem ote custom er) is  o fte n  an essen tia l and a lre a d y  e x is tin g  p a r t  o f  th e  task  
its e lf .  In  Telecom R epair S e rv ice  a m a jo r p a r t  o f the  know ledge  was 
acq u ire d  b y  re c o rd in g  th is  v e rb a lis a tio n  and o b s e rv in g  and re c o rd in g  the  
p h ys ica l actions o f th e  RCO in  p e rfo rm in g  actua l diagnoses.
Thus the  in v e s tig a tio n  o f Telecom R epair S e rv ice  d if fe rs  from  the  
in v e s tig a tio n  o f th e  o th e r  tasks  re p o rte d  in  th is  research  (excep t fo r  
E urobond T ra d in g ) in  th a t  i t  both  makes fa r  g re a te r  use o f ac tua l ( ra th e r  
than  h y p o th e tic a l)  examples and i t  also em ploys a la rg e r  e lem ent o f 
know ledge a c q u is itio n  b y  "o b s e rv a tio n "  (b o th  v is u a l and a u d ito ry )  ra th e r  
than  b y  d ire c t in te ra c t io n  between in v e s tig a to r  and su b je c t. The reasons 
fo r  these d if fe r in g  emphases are cons ide red  below.
Given tim e and o p p o r tu n ity  th e re  is  p ro b a b ly  no b e tte r  way o f sam pling  an 
e x p e rt 's  know ledge than  b y  o b s e rv in g  th e  n a tu ra l ru n  o f h is  w o rk  o v e r an 
extended pe riod  w ith  th e  o p p o r tu n ity  to  que s tio n  him as and w here 
necessary. U n fo r tu n a te ly  th is  process does no t make p a r t ic u la r ly  e ffe c tiv e  
use o f the  in v e s tig a to r 's  tim e fo r  th e  fo llo w in g  tw o  reasons.
F irs t,  unless th e  w o rk in g  examples (eg d ia g n o s tic  examples) a re  c a re fu lly  
chosen, the  d is tr ib u t io n  o f cases a p p e a rin g  b e fo re  th e  problem  s o lv e r  w ill 
in e v ita b ly  con ta in  a la rg e  p ro p o rt io n  o f common o r  ro u tin e  cases. Thus the  
ra re  and more in te re s t in g  co n d itio n s  w ill o n ly  appea r between th e  mass o f 
repeated fa m ilia r cases. As a consequence much o f th e  e x p e rim e n te r's  time 
w ill be wasted on th e  obse rva tion  o f d u p lic a te  cases.
Second, in  case o f d ia g n o s tic /e n g in e e r in g  ta s k s  in  p a r t ic u la r ,  e x p e rts  who 
make phys ica l te s ts  on th e ir  domain spend a s ig n if ic a n t  p ro p o rt io n  o f th e ir  
tim e a c tu a lly  p re p a r in g  fo r  and m aking th e  te s ts . Such a n c illa ry  in fo rm a tio n
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g a th e r in g  w o rk  can a c tu a lly  take  fa r  more time than  th e  d iagnos is  its e lf.  
Thus in  Benchtop E lec tron ic  D iagnosis the  e x p e rt d ia g n o s tic ia n  o fte n  has a 
good deal o f d isassem bly o r  u n s o ld e rin g  o f equ ipm ent. Such equ ipm en t is  
u su a lly  designed fo r  e f f ic ie n t  o pe ra tion  ra th e r  than  ease o f fa u lt  d iagnosis  
o r  know ledge a cq u is itio n .
Telecom Repair S e rv ice  Rapid Test O rien ted  E nv ironm en t
The RCO is  in  a v e ry  much more fa v o u ra b le  pos ition  in  th a t  h is  d iagnosis 
is  m o re -o r- le ss  c o n c u rre n t w ith  h is  " te s t in g "  (eg actua l e le c tr ic a l te s tin g  o r  
d ia g n o s tic  q u e s tio n in g  o f the  custom er). The whole a p p a ra tu s  o f the  Test 
Desk is  designed fo r  ra p id  te s tin g  o f fa u lty  lines.
S im ila rly , custom er response to  que s tio n s  is  also ra p id  w ith o u t th e  need fo r  
p re p a ra tio n s . F u rth e r, re co rd s  a re  e ith e r  ava ilab le  a t a g lance o r  can be 
ra p id ly  accessed on a screen .; Thus a fa r  g re a te r p ro p o rt io n  o f th e  RCO's 
tim e is  devo ted to  actual d iagnos is  than , fo r  in s tan ce , th e  d iagno s tic ian  
u n d e rta k in g  Benchtop E lec tron ic  D iagnosis who is  o b lig e d  to  c a r ry  ou t a 
range  o f p re p a ra to ry  o r  s u b s id ia ry  actions. T h e re fo re  th e  second problem  
d iscussed above does no t re a lly  a rise .
Rapid  " U n v e rb a lis e d "  Diagnoses
Both th e  RCO and bench top  re p a ir  d iagnos tic ian  see th e  same h igh  
p ro p o rt io n  o f ru n -o f- th e -m ill cases. In  the  case o f B enchtop E lec tron ic  
D iagnosis th is  p o te n tia lly  tim e w a s tin g  problem  was avo ided  b y  dea ling 
la rg e ly  w ith  h yp o th e tica l examples coup led  w ith  q u e s tio n in g  ab o u t iso la ted
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d ia g n o s tic  techn iques .
In  Telecom Repair Serv ice , and as exp la ined above, i t  was n o t easy to  use 
h y p o th e tic a l examples. However, th e  in v e s tig a t io n s  w ere re la t iv e ly  e f f ic ie n t 
even th o u g h  an approach  biased tow ard  p ro to co l co lle c tio n  was taken . Th is  
e ff ic ie n c y  re s u lte d  as a consequence o f th e  co n s id e ra b le  d iffe re n c e  in  time 
re q u ire d  fo r  an "u n v e rb a lis e d  d iagno s is " (ie  v e rb a lis a tio n  o v e r  and above 
th a t  necessary fo r  the  ta s k ) and a d iagnosis  w h e re  c o n c u rre n t v e rb a lis a tio n  
is  adopted w ith  th e  in v e s tig a to r  e x p lo r in g  th e  v e rb a lis e d  d iagnoses w ith  
s u p p le m e n ta ry  ques tions .
E ricsson  and Simon (1980) show th a t  s low ing o f pe rfo rm an ce  is  th e  p r in c ip le  
e f fe c t o f  c o n c u rre n t ve rb a lisa tio n . Th is f in d in g  has been la rg e ly  con firm ed  
b y  Russo, Johnson & S tephens (1989) a lth o u g h  th e y  no tice  some s lig h t  loss 
in  m athem atical ta sk  accuracy when s u b je c ts  a re  asked to  ve rba lise . 
N everthe less, th e y  also note th a t re tro s p e c tiv e  p ro to co ls  con ta in  ev idence 
o f s u b s ta n tia l fo rg e tt in g  and fa b r ic a tio n  w h ich  th e y  a s s e rt makes them  much 
less  va luab le  than  c o n c u rre n t ve rb a lisa tio n . S low ing  o f pe rfo rm an ce  was the  
o n ly  ob se rva b le  and v e ry  marked e ffe c t w ith  RCOs. T y p ic a lly  an RCO m igh t 
deal w ith  a " ro u t in e "  d iagnosis in  less th a n  tw o  m inutes. However, an 
" in te re s t in g "  case can take  up to  f if te e n  m inu tes (o r  sometimes even more) 
w he re  the  te ch n ic ia n  has to exp la in  h is  d iagno s is  and answ er the  
in v e s t ig a to r 's  supp lem en ta ry  questions.
Know ledge C ap tu re
Before p roceed ing  to  the  prec ise  way in  w h ich  d ia g n o s tic  te c h n ic ia n s  were 
ass is ted  to  v e rb a lis e  and exp la in  th e ir  re ason ing  (ie  th e  know ledge
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e lic ita t io n  process) we m ust f i r s t  co n s id e r th e  know ledge c a p tu re  process 
b y  w h ich  the  e lic ite d  know ledge was reco rded . A lth ough  we now p re fe r  to  
use v ideo  re c o rd in g  as the  medium fo r  know ledge c a p tu re  w here  th e  e x p e rt 
is  p e rfo rm in g  e le c tro n ic  te s ts , o b s e rv in g  m eters etc, th is  was n o t poss ib le  
a t th e  time th a t Telecom Repair S e rv ice  was in v e s tig a te d  and so aud io  
re c o rd in g  was adopted ins tea d .
I t  is  o ften  suggested th a t know ledge eng ine e rs  shou ld  make notes to  re co rd  
know ledge a cq u is itio n  sessions w ith  e xp e rts . However, we have n e ve r fo u n d  
i t  poss ib le  to  take  use fu l notes and a t th e  same tim e manage th e  know ledge 
e lic ita t io n  process. The socia l s itu a tio n  is  in e v ita b ly  som ewhat u n n a tu ra l 
and i t  seems fa r  less d is tu rb in g  to  se t up re c o rd in g  a p p a ra tu s  than  to  
a tte m p t to note down the  s u b je c t ’s th o u g h ts .
More im p o rta n tly  note ta k in g  is  a t bes t a se lec tive  p rocess and i t  is  no t 
u n t il sometimes well in to  th e  know ledge ana lys is  stage th a t  th e  s ig n if ic a n c e  
o f a problem  s o lv e r 's  comment is  rea lised . In  many cases a v ita l c lue  to  
u n d e rs ta n d in g  has o cc u rre d  a t th e  mumbled end o f a sen tence and w ould 
alm ost c e r ta in ly  have been ove rlo oked  when note ta k in g .
Tape Record ing P rocedures
V erba l data was co llected  us ing  a small se lf-co n ta in e d  casse tte  tape  re c o rd e r 
placed on th e  Test Desk w he re  th e  RCO pe rfo rm s h is  te s ts  and diagnoses. 
S u b je c ts  were g iven  a s h o r t  b u t c a re fu l assurance th a t  th e ir  id e n tit ie s  
w ould  no t be revea led in  any subse quen t re p o r t  and th is , pe rha ps  coup led 
w ith  th e  u n o b tru s iv e  n a tu re  o f the  tape  re co rd e r, gave r is e  to  no in s tances  
w here  we were aware o f any s u b je c t re ticence  due to  th e  tape  re co rd e r.
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In  fa c t, in  Telecom Repair S e rv ice  o r  any  o th e r  in v e s tig a t io n s , we have 
n e v e r experienced any problem s w ith  u s in g  a p ro p e r ly  in tro d u c e d  tape 
re c o rd e r.
V erba l D ata/P rotoco l Collection
O ur method o f ve rba l data  co llec tion  was based on th re e  p ilo t  sessions, each 
o f abo u t an h o u r's  d u ra tio n . These sessions w ere  conducted  w ith  a close 
w o rk in g  co lleague o f th e  au th o r, experienced in  fa u lt  d iagnos is , who acted 
as subject. I t  soon became obvious, even w ith  this co-operative subject, 
th a t  any a tte m p t by the  a u th o r to  impose a fo rm a l s t ru c tu re  (as would be 
expected in  la b o ra to ry -b a se d  research  on p rob lem  s o lv in g )  was v e ry  d i f f ic u l t  
in  th e  e a r ly  know ledge e lic ita tio n  sessions. A lso, when a ttem pted , i t  had a 
v e ry  m arked and d is ru p tiv e  e ffe c t on th e  s u b je c t 's  norm al method o f 
w o rk in g . Neverthe less, as described  below, la te r  sessions w ith  a s u b je c t d id  
have an in c re a s in g  s tru c tu re  based on q u e s tio n s  ( " e r ro r s  and om iss ions") 
a r is in g  from  the  ana lys is  o f e a r lie r  sessions.
I t  was th u s  decided to  accept th a t the  cou rse  o f each o f th e  da ta  co llec tion  
sessions w ith  a new s u b je c t (w h ich  m igh t be o f seve ra l h o u rs  in  d u ra tio n ) 
w ou ld  have a la rg e  p ro p o rtio n  o f u n s tru c tu re d  c o n te n t and i t  w ou ld  be fo r  
th e  a u th o r  to  d isen tang le  the  messy data a f te r  th e  expe rim en ta l session had 
been concluded. The ve rb a l data  cons is ted  o f p rob lem  s o lv in g  p ro toco ls  
(p e rh a p s  in v o lv in g  d ia logues w ith  custom ers) to g e th e r  w ith  a re c o rd  o f th e  
c o n v e rsa tio n s  between th e  a u th o r and th e  s u b je c t.  S ince most d iagnoses 
ta ke  less than  ten m inutes to  com plete i t  was poss ib le  to  c o lle c t a w ide 
v a r ie ty  o f d iagnoses in  an experim enta l session.
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Choice of S u b je c ts  and  Method of Working
For th e  pu rposes o f th e  Telecom Repair S e rv ice  in v e s tig a t io n , v e rb a l data  
was co llec ted  se p a ra te ly  from  th re e  h ig h ly  s k ille d  RCOs. The e x p e rts  were 
se lected on th e  basis o f a mix o f s u p e rv is o r and pee r recom m endation. 
These th re e  s u b je c ts , o f whom one (Jim H arvey) p ro v id e d  th e  c o rn e rs to n e  
o f o u r  data, w ere obse rved  in  a series  o f sessions, each o f w h ich  las ted  up 
to  s ix  hou rs  and w ere ta p e -re co rd e d  th ro u g h o u t.
In  a ll cases th e  a u th o r  sa t beside the  su b je c t a t th e  T e s t Desk and, in  a 
co n ve rsa tio n a l mode, so u g h t to  c la r i fy  and exp lo re  th e  ru n n in g  comments 
made b y  the  s u b je c t.
H vpo the tica l Cases c lose ly  re la ted  to  C u rre n t Real Cases
A p a rt from  th e ir  com m entary on ongoing diagnoses, s u b je c ts  were 
encouraged to  make a d d itio n a l obse rva tions  on h yp o th e tic a l cases nea rly  
s im ila r  to  those  w ith  w h ich  th e y  were c u r re n t ly  dea ling . U su a lly  su b je c ts  
w ere o n ly  s id e tra c k e d  in  th is  way a fte r  a p a r t ic u la r  d iagno s is  was complete 
and o n ly  in  those  cases w here  the  a u th o r c le a r ly  recogn ised  th a t the  
s u b je c t had made a c le a r EITHER/OR decision on the  basis o f a te s t re s u lt  
o r  cus tom er's  answ er to  a d ia g n o s tic  question.
In  these  in s ta n ce s  th e  a u th o r would ask the  s u b je c t w h a t w ou ld  have 
happened in  th e  a lte rn a tiv e  cond ition  (ie a lte rn a tiv e  te s t r e s u lt  o r  answ er). 
By th is  means i t  was o fte n  poss ib le  to e lic it  a h yp o th e tic a l b u t  c o n fid e n t 
(and th e re fo re  taken  as v a lid )  p ro toco l fo r  the  "a lte rn a tiv e  c o n d it io n "  fa u lt.  
T h is  te c h n iq u e  is  p a r t ic u la r ly  use fu l fo r  g a th e r in g  data  on lo w -fre q u e n c y
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o ccu rrences  w h ich , a lth o u g h  fa m ilia r to  th e  s u b je c t, m ig h t n e v e r be 
reco rded  w ith in  the  lim ite d  data  co llec tion  pe rio ds .
Agenda o f " E r ro rs  and Om issions" Explored a t Next Session
Somewhat s im ila r ly  to  th e  above, ana lys is  o f  th e  p ro to co ls  between 
experim enta l sessions h ig h lig h te d  a lim ite d  num ber o f d isc rep anc ies , dou b ts  
and unexp lo red  a lte rn a tiv e s  w h ich were exp lo red  and reco rded  w ith  the  
s u b je c ts  d u r in g  th e  nex t da ta  co llec tion  session. In  second and s u b se q u e n t 
sessions i t  was norm al to  open the  session b y  w o rk in g  th ro u g h  a p re p a re d  
agenda o f m a tte rs  fo r  re so lu tio n  from  the  p re v io u s  session. As a re s u lt  
la te r  sessions have an in c re a s in g  co n te n t o f s t ru c tu re d  know ledge e lic ita t io n  
and a d e c lin in g  co n te n t o f know ledge e lic ite d  as th e  re s u lt  o f v e rb a lis a tio n  
o f c u r re n t  cases.
Law o f  D im in ish ing  R e tu rn s  v
Knowledge e lic ita t io n  fo llow ed  a law o f d im in is h in g  re tu rn s  so th a t,  from  
expe rim enta l session to  experim enta l session, th e re  was a d e c lin in g  
p ro b a b il ity  th a t new fa u lt  c ircum stances and diagnoses w ou ld  be 
encoun te red . For th is  reason th e  tra n s it io n  to  s t ru c tu re d  know ledge 
e lic ita tio n  m ust be e v e n tu a lly  made so th a t , for in s ta n c e , lo w -p ro b a b il i ty  
e x p lo ra tio n s  o f h yp o th e tic a l co n d itio n s  can be made.
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Knowledge O rganisation  fo r Telecom R epair S erv ice
Telecom Repair S e rv ice  was unusua l in  th a t i t  re s u lte d  in  fa r  more ve rba l 
p ro to co ls  than  tasks  su b se q u e n tly  in v e s tig a te d . T hus  deve lopm ent o f a 
method fo r  th e  tre a tm e n t o f th is  p o te n tia lly  vo lum inous m ate ria l was 
p a r t ic u la r ly  im p o rta n t. A lthough  la te r  task  in v e s tig a t io n s  re s u lte d  in  less 
d ire c t  p ro toco l m ateria l, the  experience  gained in  Telecom R epair S e rv ice  has 
p ro ve d  v e ry  use fu l in  the  h an d ling  o f these s u b se q u e n t in v e s tig a tio n s .
In  th e  in v e s tig a tio n  o f Telecom R epair S erv ice  th e  a u th o r  dec ided th a t the  
a ttem pted  s im u la tion  o f th e  RCO's expe rtise  w ou ld  ru n  p a ra lle l to  the  
know ledge a c q u is itio n  sessions. However, we had no e x p e rt system s shell 
im p lem enta tion  s k il ls  a t the  e a r ly  stage o f th is  resea rch . F u rth e r, 
commercial e x p e rt system  she lls , w h ich  m igh t have se rve d  as p ro to ty p e s  fo r  
an im p lem enta tion , were then  no t e a s ily  ava ilab le . We d id  n o t w ish  to  delay 
th e  Telecom Repair S e rv ice  know ledge a cq u is itio n  u n t il a she ll became 
a va ila b le  so, s t i l l  w ish ing  to  g ive  some te s t to  th e  a c q u ire d  m ate ria l, we 
dec ided th a t o u r  e a r ly  " im p lem en ta tion " e f fo r ts  w ou ld  be on a "p a p e r based" 
basis. A ppend ix  A (Telecom Repair S e rv ice : A na lys is  o f A cq u ire d  Knowledge) 
p ro v id e s  a s izeable e x tra c t o f th e  va rio u s  p a p e r-ba sed  docum ents 
p ro g re s s in g  from  ve rb a l p ro toco l t ra n s c r ip ts  th ro u g h  to  in it ia l ru le -s e ts .
As w ith  the  experience  gained w ith  h an d ling  ex te n s ive  v e rb a l p ro toco ls , the  
expe rience  o f know ledge ana lys is  and s t ru c tu r in g  to w a rd s  a "p a p e r based 
im p lem en ta tion ", a lthough  not repeated in  la te r  tasks , has been use fu l in  o u r 
la te r  w o rk .
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V erbal Protocol T ra n s c r ip ts
T ra n s c r ip ts  w ere p roduced  which conta ined a ll th e  recogn isab le  in fo rm a tio n  
in  th e  p ro toco l b u t  d id  no t reco rd  the  more o r  less re d u n d a n t l in g u is t ic  
c o n te n t fo u n d  in  norm al conve rsa tion  and exp la n a tio n . L ine n u m b e rin g  was 
used to  a id la te r  re fe re n ce  to  the  tex t. The f u r t h e r  d is t i l la t io n  o f th e  taped 
p ro to co ls  re s u lte d  in  the  exclusion o f much th a t  was ir r e le v a n t  o r  was 
conce rned  w ith  "m anagem ent" aspects o f th e  RCO's jo b . A p p e n d ix  A in c lu d e s  
e x tra c t examples o f th e  o rig in a l, d is tille d  and ana lysed  know ledge.
T ra n s c r ip t  A n no ta tion
P ro toco l w ere  n o t o n ly  s tru c tu re d  by  th e  use o f num bers, b u t  - fa u lt  
d ia g n o s tic  sequences were a lp h a -n u m e rica lly  la be lled  and th e ir  co n te n t 
d is tin g u is h e d  from  th e  re s t o f the  te x t b y  ta b u la tio n . T h is  re s u lts  in  a 
p ro to c o l w h ich  a u tom a tica lly  d iv ide s  its e lf  in to  tw o  classes o f in fo rm a tio n . 
F ir s t  th e re  a re  fa u lt -s p e c if ic  comments and ac tion s  a p p ro p r ia te  to  each 
la b e lle d  fa u lt  and, second, th e re  is  th e  rem a ind e r o f th e  s u b je c t 's  
com m entary c o n s is tin g  la rg e ly  o f h e u ris tic  comments.
RCOs o fte n  deal w ith  th e  d iagnosis o f fa u lts  on an in te r le a v e d  bas is  so th a t 
seve ra l d iagnoses may be s im u ltaneously  in  p ro g re ss . T h is  m ethod o f 
w o rk in g  is  occasioned b y  th e  fa c t th a t a p a r t ic u la r  d iagnos is  may be held 
up  fo r  w ant o f c o n s u lt in g  a reco rd  away from  th e  T es t Desk o r  b y , say, the  
a lle g e d ly  fa u lty  lin e  be ing  te m p o ra rily  in  use o r  no t te s ta b le  due  to  the  use 
o f c e r ta in  te s t c ir c u its  by  ano the r RCO. The in te r le a v in g  o f d iagnoses 
re s u lts  in  a p ro toco l w here  the  complete re c o rd  o f a p a r t ic u la r  d iagnos is  
may be sca tte re d  o v e r  two o r  th re e  pages o f th e  t ra n s c r ip t .
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Problem Solving S eq u en ces
As a means o f  assem bling d issem inated diagnoses, p ro b le m -s o lv in g  sequences 
were th u s  e x tra c te d  so th a t  each sequence showed th e  stages in  each 
d iagnos is  u n c lu tte re d  w ith  ex traneous comments and segm ents o f o th e r  
diagnoses. Examples o f such sequences are  also p ro v id e d  a t A p pend ix  A.
W here a fa u lt  sequence re p lic a te d  th a t  o f an e a r lie r  fa u lt ,  a new sequence 
was n o t p re p a re d  b u t th e  o r ig in a l sequence was anno ta ted  w ith  th e  
id e n tif ic a t io n  o f th e  d u p lic a te  fa u lt .  The more common fa u lt  sequences th u s  
became recogn isab le  b y  th e ir  cons ide rab le  num ber o f a nn o ta tions .
H e u ris tic  F ragm ents and S tra te g ic  Knowledge
The problem  s o lv in g  sequences were used as the  basis o f  ru le  com pila tion  
as d iscussed below. The rem a inder o f the  pro toco l, o f w h ich  much we te rm  
as "h e u r is t ic  fra g m e n ts "  (ie  iso la ted  elements o f p ro b le m -s o lv in g  know ledge), 
cou ld  no t be d ire c t ly  assembled in to  any m eaningfu l sequences. T h is  
m ate ria l was th u s  used d ire c t ly ,  b y  s c ru t in y , fo r  the  e x tra c tio n  o f ru les . 
However, even when the  com plete fa u lt  sequences and recogn isab le  ru le s  had 
been e x tra c te d , th e  p ro to co ls  s t i l l  conta ined a co ns ide rab le  am ount o f 
prob lem  so lv in g  know ledge. In  th is  res idu a l m aterial we w ere, fo r  in s tance , 
able to  iso la te  know ledge re la t in g  to  th e  h ig h e r- le v e l s tra te g ie s  used by  the  
RCO. Much o f th is  know ledge was used in  the des ign  o f the  in fe re n c e  
mechanism o f th e  D iagnostic  In fe re n c e  System (DIS). The acronym  "D IS " 
re la tes  to the  d ia g n o s tic ia n s  co lloqu ia l term  "d is "  m eaning a c ir c u i t  
d isconnection .
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The D iagnostic In fe re n c e  System  (PIS) -  Choice of Knowledge R ep resen ta tio n
A t an e a r ly  stage in  th e  Telecom R epair S e rv ice  in v e s tig a tio n  we conc luded  
th a t  a v a r ia n t o f p ro d u c tio n  ru le s  w ou ld  be th e  most a p p ro p ria te  know ledge 
re p re se n ta tio n  p r in c ip a lly  because i t  seemed b es t able to  d ire c t ly  a llow  us 
c a p tu re  the  m odular "c h u n k s "  o f know ledge w h ich  we were e l ic i t in g  from  
o u r  su b je c ts . Thus, in  th e  main, o u r  p re fe re n c e  fo r  th is  fo rm  o f
re p re s e n ta tio n  was made on the  g ro u n d s  o f ease o f know ledge t ra n s fe r  from  
human to  system  ra th e r  than  on any  a rg u m e n t in  fa v o u r  o f th e  th e o re tic a l 
a p p ro p ria te n e ss  o f one re p re se n ta tio n  o v e r ano the r. A n de rson 's  (1976) 
a rgum ents  on th e  n o n -v ia b il ity  o f a u n iq u e  c o g n it iv e  model and the  
equ iva lence  o f a lte rn a tiv e  re p re s e n ta tio n -p ro c e s s  re p a irs  seemed to  s u p p o r t 
o u r  decis ion to o p t fo r  convenience and a v a ila b il ity  when choosing  a 
know ledge re p re se n ta tio n .
Problem  S o lv ing  A rc h ite c tu re
Telecom Repair S e rv ice  d if fe r s  from  th e  ta s k s  so fa r  cons ide red  in  th a t, 
a lth o u g h  th e  ta sk  e x p e rtise  can be d iv id e d  in to  sub-dom ains (R epo rt 
In te rp re ta t io n ,  D iagnostic  T es ting  e tc ), th e  f in a l d iagnos is  can o fte n  be 
es tab lishe d  in d e p e n d e n tly  from  more than  one sub-dom ain .
To c la r i fy  th is  p o in t i t  is  use fu l to  re fe r  back to  Pensions Management 
cons ide red  e a r lie r . Pensions Management has a d iv is io n  o f th e  domain 
know ledge in to  sub-dom ains (C re d its , W idows, C h ild re n  e tc) b u t  these  are  
each ge n u in e ly  and u n iq u e ly  able to  answ er e n q u iry  p rob lem s in  the  
sub-dom ain  to  which th e y  are  a p p ro p ria te .
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Thus a lth o u g h , as ju s t  d iscussed, the  "C h ild re n "  sub -do m a in  m ust be 
re fe re n ce d  to  p ro v id e  an answ er fo r  the  "W idows" sub -do m a in , i t  has no 
a lte rn a tiv e  competence to  answ er th e  "W idows" e n q u iry  its e lf .  S im ila rly , the  
Pensions O ff ic e r has no a lte rn a tiv e  b u t to use h is  "C re d its "  know ledge in  
o rd e r  to  de te rm ine  i f  a pension scheme member is  e n t it le d  to  b e n e fit from  
s e rv ic e  in  a p re v io u s  company. His know ledge abou t th e  r ig h ts  o f "W idows" 
has no re levance  to  th is  issue.
In  c o n tra s t, in  th e  case o f Telecom Repair S e rv ice  bo th  , th e  "R e p o rt"  and 
"T e s t"  sub -dom a ins can o fte n  p ro v id e  e qu a lly  com peten t d iagnoses (ie  
p rob lem  s o lu tio n s ) to  the  same problem . T he re fo re , in  many cases, i t  is  
poss ib le  to  de te rm ine  th a t th e  loca tion  o f a fa u lt  is  in  a cu s to m e r’s prem ises 
( ra th e r  than  in  th e  s tre e t)  e ith e r  b y  de ta iled  q u e s tio n in g  o f the  custom er 
("Does i t  o ccu r on all ex tens ions? ") o r  by  te s tin g  th e  im pedance o f the  lin e  
( to  de te rm ine  th e  num ber o f ex tens ions p resen t). On th e  o th e r  hand, th e  
"H is to ry "  and "R ecords" sub-dom ains can ra re ly  p ro v id e  a lte rn a tiv e  
in d e p e n d e n t com plete diagnoses even though  th e ir  domain coverage is  
e q u iv a le n t to  th a t  o f the  "R e p o rt"  and "T e s t"  sub -dom a ins.
As a re s u lt  o f th e  s itu a tio n  ju s t  desc rib ed  the  in te r -s u b -d o m a in  re fe rences  
in v o lv e  bo th  s u p p o r t  from  sub-dom ain  to  sub-dom ain (as in  Small Business 
G uidance, Job Shop S chedu ling , Eurobond T ra d in g  and Pensions Management) 
b u t  also, and more im p o rta n tly , th e  s tre n g th e n in g  (o r  "c o n firm a tio n " )  o f 
hypo theses. In  Telecom Repair S e rv ice  th e re  can be no abso lu te  
c o n firm a tio n  o f a d ia g n o s tic  h yp o the s is  u n t il a fa u ltsm a n  has been 
d ispa tched  to  a c tu a lly  p h y s ic a lly  con firm  and c le a r a d e fe c tiv e  cable, 
connection  e tc. S ince such f in a l con firm a tion  is  m anpower expensive , a 
h yp o th e s is  genera ted  by, say, d ia g n o s tic  te s tin g  is  s tre n g th e n e d  by  fu r th e r  
cus tom er q u e s tio n in g  o r  ana lys is  o f  th e  Fau lt H is to ry  to  d e te rm ine  w h e th e r
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th e  hyp o th e s is  is  p laus ib le .
However, a lth o u g h  o th e r sub-dom ains p ro v id e  hyp o th e s is  s tre n g th e n in g , th e  
d iagnos is  is  usu a lly  cons ide red  the  p ro d u c t o f a p a r t ic u la r  sub -dom a in . 
U su a lly  th is  is  th e  "T e s t"  sub-dom ain  s ince  th is  re p re s e n ts  p o te n tia lly  the  
most p o w e rfu l o f the  pa ra lle l rou tes  to  a d iagnosis.
I f  the  d iagnos is  is  p roven  to  be w rong  as a re s u lt  o f th e  fa u ltsm a n 's  v is it ,  
and the  fa u lt  s t i l l  p e rs is ts , th is  in fo rm a tio n  is  fed back on an ite ra t iv e  bas is  
as ad d itio n a l in fo rm a tio n  to  a new d ia g n o s tic  cycle . T h is  is  e q u iv a le n t to  
th e  same aspect o f p rob lem  so lv in g  seen in  A u d it W ork P lann ing  and Job 
Shop S chedu ling .
D iagram m atic R epresen ta tion  o f Problem S o lv ing  Components
The diagram  o v e rle a f shows th a t the  domains are o v e r la p p in g  in  th e ir  sbope 
and th a t th e re  is  a s in g le  secondary conclus ion  (th e  loca tion  o f th e  fa u lt )  
w h ich , i f  doub ted  by  th e  d iagno s tic ian , is  fed  back as p a r t  o f th e  in it ia l 
da ta  in  a re -c o n s id e ra tio n  o f the  d iagnosis .
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Conclusions
Ite ra t iv e  Feedback
Commercial Im p lem enta tion  Details
The Telecom Repair S e rv ice  system  was p o te n tia lly  a "w in n e r"  b u t cou ld  no t 
be p rog ressed  beyond a p ilo t  fo r  tw o reasons. F irs t, th e  custom er re co rd s  
and e le c tro n ic  lin e  d ia g n o s tic  system s (on w h ich bo th  the  human 
d iagnos tic ian  and the  e x p e rt system  were dependen t on da ta) were 
im plem ented on a Honeywell m in icom pute r w hich cou ld  n o t s u p p o rt a fu l l  
ve rs ion  o f the  L isp -based  DIS e x p e rt system. Second, c o n c u rre n t 
im provem ents in  th e  re co rd s  system s (p re v io u s ly  p a p e r based) and 
im provem ents in  re p a ir  s e rv ic e  s ta f f in g  gave such la rg e  p o te n tia l fo r  
increases in  e ff ic ie n c y  and se rv ice  perfo rm ance  th a t management w ere  q u ite  
u n w illin g  to  co n s id e r th e  a d d itio n a l b e n e fits  th a t e x p e rt system s m ig h t
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b r in g .  W ith s tro n g  management s u p p o r t i t  is  poss ib le  th a t th e  ha rdw are  
p rob lem s cou ld  have been overcome. However, w ith  key m anagers a lready 
v e ry  s a tis f ie d  w ith  th e ir  e x is tin g  success, th e y  saw no reason to  in v e s t fo r  
even f u r th e r  im provem ents by o p e ra tio n a lly  im p lem en ting  th is  system .
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3.15 EUROBOND WARRANT TRADING
S ponso ring  O rgan isa tion
T h is  in v e s tig a tio n  was made in  co -ope ra tio n  w ith  a m a jo r in te rn a tio n a l bank.
In tro d u c tio n
F inanc ia l t ra d in g  app lica tions  in  the  C ity  o f London a re  a fa v o u r ite  ta rg e t 
fo r  suggested  A l/e x p e r t  system s s u p p o rt. Yet, a lth o u g h  th e re  are some 
re p u te d ly  sec re t successfu l system s, no w idesp rea d  use o f th e  techno logy  
has o ccu rre d .
For reasons o f bus iness caution , th e  a u th o r  had avo ided  f in a n c ia l tra d in g  
a p p lic a tio n s  in  fa v o u r  o f o th e r f in a n c ia l s e c to r  ta sks , such as L ife  
U n d e rw r it in g  and Pensions Management, w he re  th e re  seemed a b e tte r  chance 
o f a c tu a lly  com ple ting  a usefu l e x p e rt system .
N everthe less, an o p p o r tu n ity  arose to  s p e c u la t iv e ly  in v e s tig a te  th e  problem  
s o lv in g  o f a lead ing  Eurobond W arran t t ra d e r .  The method o f in v e s tig a tio n  
w h ich  was devised p roved  v e ry  e ffe c tiv e  and an u n d e rs ta n d in g  o f the  
s t ru c tu re  o f the  t ra d e r 's  problem  s o lv in g  was a tta in e d . However, perhaps 
as expected, no feas ib le  rou te  to  e ffe c t an im p lem en ta tion  was o r ig in a te d .
A u th o r 's  Role
A p a rt  from  some in te rp re ta t io n  o f s p e c ia lis t te rm s  d u r in g  know ledge
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a c q u is itio n , w here a colleague o f th e  e x p e rt gave ass is tance, th e  design o f 
th e  in v e s tig a tio n , it s  execution and subsequen t a n a lys is  w ere so le ly  
conducted  b y  the  a u tho r.
O u tline  Task D escrip tion
F inanc ia l tra d e rs , w h e th e r th e y  a re  tra d in g  in  f in a n c ia l fu tu re s ,  g ilts  o r  
o p tio n s  have a key o b je c tiv e  to  se t a p r ic e  on the  in s tru m e n ts  in  which 
th e y  tra d e . In  the  case o f the  Eurobond w a rra n t t ra d e r  th e  re s p o n s ib ility  
was to  se t a p r ic e  on ' some one' h un d red  and f i f t y  w a rra n ts  w h ich  are 
s e p a ra te ly  trad eab le  from  the  Eurobonds to  w h ich  th e y  a re  norm ally  
a ttached .
The m arke t can be q u ite  v o la tile  because the  p r ic e  o f th e  w a rra n ts , since 
th e y  im p ly  a r ig h t  to  purchase  th e  more expensive  E u robond, dem onstra te  
d is p ro p o rtio n a te  e ffe c ts  as a re s u lt  o f changes in  th e  u n d e r ly in g  m arket. 
F u r th e r ,  a t the  tim e th is  in v e s tig a tio n  was u n d e rta ke n , th e  Eurobond 
W a rra n t m arke t was q u ite  new and th e  re la tiv e  in fre q u e n c y  o f tra d in g  any 
p a r t ic u la r  in s tru m e n t gave v e ry  few  benchm arks (ie  ac tua l tra d e s ) upon 
w h ich  th e  t ra d e r  cou ld  base his p rices .
Form o f In v e s tig a tio n
The in fo rm a l p ro je c t so le ly  in v o lv e d  an in v e s tig a tio n  o f th e  t ra d e r 's  problem  
s o lv in g  and subsequen t ana lys is . One s h o r t  in t ro d u c to ry  know ledge 
a cq u is itio n  session fo llow ed b y  two one -day  in -d e p th  sessions were 
conducted .
220
IW ESTIG ATIO NS OF OCCUPATIONAL PROBLEM S q LVING
The t ra d in g  e n v iro n m e n t does not eas ily  le nd  i t s e l f  to  know ledge  a c q u is itio n . 
T ra d e rs  are  c o n s ta n tly  fu l ly  occupied e ith e r  on th e  te lephone, u s in g  one o f 
th e  many sc reen -based  in fo rm a tion  sources o r  ta lk in g  to  co lleagues. The 
o n ly  tim e th a t  th e ir  a c t iv ity  seems to be suspended is  when th e  m a rke t is  
m oving  to  th e ir  d isadvan tage . A t these tim es t ra d e rs  a re  o fte n  in  the  
p rocess o f lo s in g  cons ide rab le  money and, a t th is  stage, th e y  become v e ry  
q u ie t and a re  no t in te re s te d  in  co o p e ra tin g  in  know ledge a c q u is itio n  
a c t iv it ie s .
F in d in g s  on N a tu re  o f Problem So lv ing
In  some o f th e  o th e r  tasks  in v e s tig a te d  th e re  has been o n ly  a lim ite d  
o p p o r tu n ity  to  u n d e rta k e  know ledge a c q u is itio n  ye t, even th o u g h  an e x p e rt 
system  has no t ensued, we have been c o n fid e n t th a t  we have a cq u ire d  a 
good u n d e rs ta n d in g  o f the  way in  w h ich th e  prob lem  s o lv in g  is  u n d e rta ke n .
In  th is  ta sk , E urobond tra d in g , we have had a w o rth w h ile  o p p o r tu n ity  to 
s tu d y  th e  e x p e rt 's  problem  so lv ing  b u t  cann o t claim  th a t  we fu l ly  
u n d e rs ta n d  how tra d e rs  trade . N everthe less, th is  d e s c r ip tio n  and the  
suggested  p rob lem  so lv in g  a rc h ite c tu re  d iscussed  below co ve r th e  s t ru c tu re  
o f th e  prob lem  so lv in g  process and d iscu ss  those de ta iled  areas w here 
fu r th e r  in v e s tig a t io n  is  re q u ire d .
Problem  S tru c tu r in g  Props (Tools and A ids)
The p r in c ip a l p rob lem  so lv in g  too ls a re  s im p le  sp readshee ts  and decision 
s u p p o r t  system s. The tra d e r  needs to  e xp lo re  a num ber o f a lte rn a tiv e
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hypo theses w h ich  m igh t re s u lt  from  a proposed t ra d in g  o p p o r tu n ity .  There  
a re  now many ra th e r  soph is tica ted  m odelling system s a va ila b le  to  th e  t ra d e r  
and, in  the  t ra d in g  o f Eurobond w a rra n ts , these w ere  used e x te n s ive ly . In  
th e  ta sk  in v e s tig a te d  these w ere p r im a r ily  PC-based too ls  w ith  no 
in te rc o n n e c tio n  to  data feeds etc.
The o th e r "w o rksp a ce " s u p p o rtin g  th e  tra d e r  is  made up o f the  many pages 
ava ila b le  from  Reuters e tc  data feeds. The use o f th is  "w o rkspa ce  p ro p "  is  
cons ide red  fu r th e r  a t th e  com m entary a t the  end o f th is  section .
G eneric Data
A mass o f da ta  c o n fro n ts  th e  t ra d e r  and most o f th is  is  no t s p e c ific  to  the  
c u r re n t  tra d in g  o p p o r tu n ity  o r  problem . Some data  is  e le c tro n ic  such as 
th a t a r is in g  from  the  thousands o f pages on R euters and Te le ra te  ( in c lu d in g  
th e  te x t pages such as News e tc) and the  rem a inder is  paper based from  
new spapers and jo u rn a ls . There is  also a mass o f h is to r ic a l da ta  on 
p re v io u s  Eurobond w a rra n t trad es  unde rtake n  b y  th e  bank.
S p e c ific  Data
S p e c ific  data on Eurobond p rices  is  p ro v id e d  b y  p a r t ic u la r  R eute rs pages. 
N everthe less even th is  may sometimes be rega rded  as g e n e ric  da ta  since, 
when th e  t ra d e r  is  a c tin g  p ro a c tiv e ly , th is  m ateria l w ill be scanned u n t il the  
t ra d e r  pe rce ives  an o p p o r tu n ity  fo r  tra d in g . A t such stage, as a p a r t ic u la r  
p o te n tia l tra d e  becomes th e  focus o f th e  tra d e r 's  a tte n tio n , the  da ta  can be 
re g a rd e d  as sp e c ific  da ta  to  the  c u r re n t  problem . Changes in  th e  da ta  (ie
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changes in  p r ic e s  d u r in g  the  period  th a t a tra d e  is  a n tic ip a te d )  a re  p u re ly  
p ro b le m -s p e c if ic  data.
Knowledge Sources
M u ltip le  know ledge sources can be co ns ide red . The fo llo w in g  is  an 
incom p le te  set:
"F eeds"
Knowledge in v o lv e d  in  the in te rp re ta t io n  o f screen  based data  can 
a c tu a lly  be considered  as in v o lv in g  tw o  sepa ra te  know ledge  sources:
a) In te rp re ta t io n  o f screen-based num erica l data, p a r t ic u la r ly  p rices .
b) In te rp re ta t io n  o f tex t-based  b a c k g ro u n d  news data . .
"C o rp o ra te  R eports"
Knowledge used fo r  the  in te rp re ta t io n  o f th e  s p e c if ic  in fo rm a tio n , 
in c lu d in g  Reports and Accounts, o f th e  com pany is s u in g  th e  Eurobond 
to  w h ich  the  trad ed  w a rra n t is  a ttached . T h is  know ledge  source  is  
s im ila r, a ltho ugh  a t a h ig h e r le ve l, to  th a t  em ployed b y  th e  e xp e rts  
fo r  Small Business Guidance in  th a t  th e  t ra d e r  m ust a tte m p t to  
a sce rta in , v e ry  q u ic k ly , the "h e a lth "  o f th e  ta rg e t  com pany from  
p u b lish e d  in fo rm a tio n  so as to ju d g e  th e  p ro sp e c ts  f o r  change in  the  
bond p r ice .
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"C o u n te rp a r ty "  « . . . '
T ra d e rs  e s tab lish  m arke t p rices , espec ia lly  fo r  in f r e q u e n t ly  trad ed  
in s tru m e n ts , on the  basis o f te lephone re q u e s ts  fo r  b id s  and quotes 
from  m arke t c o u n te rp a rtie s  (ie  o th e r tra d e rs  t ra d in g  th e  same 
in s tru m e n ts ).
Knowledge enab ling  the  co n d u c tin g  o f such c o n v e rs a tio n s  and the  
in te rp re ta t io n  o f su b tle  c lues d e rive d  from  them  can be f irm ly  
cons ide red  as d e r iv e d  from  a p a r t ic u la r  know ledge sou rce . T he re  are 
s im ila r it ie s  to  the  "Q u e s tio n in g " know ledge sou rce  in  Telecom Repair 
S e rv ice  w h ic h - s u p p o rts  d iagnos is  on the  bas is  o f custom er 
q u e s tio n in g .
Exposure
Exposure management o f th e  t ra d e r 's  p o s itio n  is  an ongo ing  
b a c kg ro u n d  ta sk  a ltho ugh  b u t in flu e n ce s  the  r is k  th a t  th e  t ra d e r  w ill 
take  on any p o ten tia l tra d e . Th is  know ledge so u rce  can be 
cons ide red  to  be used be fo re  a tra d e  is  made to  de te rm in e  th e  ove ra ll 
exposure  e ffe c t on the  t ra d e r 's  pos ition .
"P o r t fo lio  S c reen ing "
An im p o r ta n t know ledge source  is  in v o lv e d  in  th e  ro u tin e  se ria l 
se a rch in g  o f the  t ra d e r 's  p o rtfo lio . The t ra d e r  was re g u la r ly  
obse rve d  scann ing  th ro u g h  h is  p o r tfo lio  o f w a rra n ts  to  de term ine
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w hich  m ig h t be the  next best to tra d e . Sometimes use was made o f 
a sp read shee t o r  s im ple decision s u p p o r t  too l in  an a tte m p t to  p re d ic t  
th e  e ffe c t o f a chan g in g  m arke t on a p a r t ic u la r  in te re s t.  In  o th e r  
cases i t  was ju s t  a ro u tin e  sequentia l scan w h ich  th e  e x p e rt exp la ined  
was ju s t  used fo r  "m em ory jo g g in g " .
I f  the  re m in d e r abou t the  ho ld ing  o f a p a r t ic u la r  w a rra n t  co inc ided  
w ith  some new know ledge about the  w o rld  (eg th e  co inc id ence  o f a 
m otor m a n u fa c tu re r bond held a t th e  tim e o f im pen d in g  in d u s tr ia l 
u n re s t)  th e  t ra d e r  m igh t decide to  change th e  p r ic e  o f th e  w a rra n t. 
For in s tan ce , in  th e  m otor m a n u fa c tu re r example ju s t  quo ted , the  
in d u s tr ia l news m igh t induce  the  t ra d e r  to  lo w e r th e  p r ic e  o f the  
w a rra n t in  an a tte m p t to  sell be fo re  a m a jo r d isp u te .
The know ledge in v o lv e d  in  p o r tfo lio  s c re e n in g  ca lls  h e a v ily  on o th e r  
know ledge sources. However, in te re s t in g ly ,  p o r t fo lio  s c re e n in g  is  
o fte n  th e  s ta r t  o f p ro a c tive  problem  s o lv in g .
"E x tra p o la tio n "
Th is  te rm  is  loose ly  used fo r  th e  know ledge  in v o lv e d  in  e ith e r  
d e r iv in g  a p r ic e  based on a known tra d e  some days e a r lie r  o r  
d e r iv in g  a p r ic e  based on the  c u r r e n t  know n p ric e  o f  analogous 
bonds. Where in s tru m e n ts  are in f re q u e n t ly  tra d e d  t ra d e rs  have 
deve loped s k il ls  to  enable them to  quo te  a p r ic e  based on such 
p re v io u s  o r  a llie d  p rices . In  some w ays such know ledge o f fe rs  a s o r t  
o f in - b u i l t  dec is ion  s u p p o rt tool excep t th a t  i t  is  based more on 
ana logy than  mathematics.
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In te rp re ta t io n  o f Salesmen's Feedback
In  th e  t ra d in g  e nv iro nm en t tra d e rs  are su p p o rte d  b y  salesmen who deal 
p r im a r ily  w ith  n o n -c o u n te rp a rty  custom ers. Such salesmen p ro v id e  a 
re g u la r  feedback on m arke t rum ours  and tre n d s . T ra d e rs  have deve loped 
co n s ide rab le  s k il ls  in  in te rp re t in g  th e  casual fra g m e n ts  o f in fo rm a tio n  th a t 
o r ig in a te  from  the  sales fo rce . Again, lik e  in fo rm a tio n  from  c o u n te rp a rt ie s  
and genera l t ra d e rs ' gossip, the  feedback from  salesmen is  ve rb a l da ta  and 
w ould  re q u ire  to  be (expen s ive ly ) cod ified  i f  to  be used b y  an e x p e rt 
system .
O pen/C losed Problem
E urobond w a rra n t tra d in g  o f fe r  a p rim e example o f an open prob lem . There  
is  no closed se t o f so lu tio n s  and, fo r  instance , th e  t ra d e r  has an in f in ite  
range  o f p r ic e s  from  w h ich  he can determ ine a p a r t ic u la r  quo ted  p r ic e  as 
th e  re s u lt  o f h is  problem  so lv in g .
P ro a c tive /R e a c tive  Problem
T ra d e rs  are  re a c tive  to  p a r t ic u la r  needs to b u y  o r  se ll o r  to  p ro v id e  a 
q u o ta tio n  to  a m arke t c o u n te rp a rty . T h e ir  a c t iv ity  is  p ro a c tiv e  as a re s u lt  
o f th e ir  o v e ra ll "Make M oney" o b je c tiv e .
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Problem  Solv ing  A rch itec tu re
E urobond W a rra n t T ra d in g  is  in  many ways s im ila r to  Job Shop S ch edu ling  
ju s t  d iscussed . However th e re  is  one im p o rta n t d iffe re n c e . W hereas in  th e  
case o f jo b -s h o p  sch ed u ling  the considered  sub -do m a ins  w ere  con s ta n t, in  
f in a n c ia l t ra d in g ,  as exem plified by  E urobond W a rra n t T ra d in g , th e  se t o f 
cons ide red  sub -dom a ins  is  not constant.
T he re  is  a co re  se t o f sub-dom ains p lus  c e rta in  f re q u e n t ly  o r  in fre q u e n t ly  
exp lo red  sub -do m a ins  dependent on the  cou rse  o f th e  p rob lem  s o lv in g . The 
co re  se t o f sub-dom ains inc ludes  such th in g s  as in te rp re ta t io n  o f 
in fo rm a tio n  feeds  (R euters, Telerate e tc ), in te rp re ta t io n  o f c o rp o ra te  news 
and f ig u re s  on th e  company is s u in g  th e  w a rra n t, in te rp re ta t io n  o f 
in fo rm a tio n  from  c o u n te rp a rtie s  (eg th e ir  o ffe re d  p r ic e s ) and m aintenance 
o f th e  t ra d e r 's  o v e ra ll exposure. In  a d d itio n  th e  t ra d e r  may se p a ra te ly  
exp lo re  sub -dom a ins  in te rp re t in g  w o rld  news, in d u s tr ia l news (eg s tr ik e s  
and pay se ttlem en ts ), fo re ig n  exchange f ig u re s  e tc. The dec is ion  to  exp lo re  
such o th e r  sub -dom a ins  depends on an in it ia l assessm ent o f th e  problem . 
For in s tan ce , i f  a bond w a rra n t was a ttached  to  a c a r m a n u fa c tu re r 
th re a te n e d  w ith  an in d u s tr ia l d ispu te , then  th e  in d u s tr ia l news section  o f 
th e  F inanc ia l Times w ould  be v e ry  a c tiv e ly  cons ide red .
The fa c t th a t  th e  t ra d e r  m ust not o n ly  dec ide  when to  in v o k e  a sub -dom ain  
fo r  search o r  re fe re n ce  b u t must also cope w ith  heavy re fe re n c in g  between 
th e  " f ix e d "  sub -dom a ins  makes the  t ra d e r 's  ta s k  c o m b in a to ria lly  v e ry  
d i f f ic u l t .  C o rre s p o n d in g ly  "c o r re c t"  (ie  le a d in g  to  o v e ra ll p r o f i t )  prob lem  
so lu tio n s  a re  o n ly  a tta in e d  fo r  ju s t  o v e r  50% o f p ro b lem s e n c o u n te re d .
227
I n v e s t i g a t i o n s  o f  O c c u p a t i o n a l  P r o b l e m  S o l v i n g
Diagram m atic R epresen ta tion  o f Problem So lv ing  Components
The d iagram  on th e  next page shows Search P re -C o n s tra in in g , d r iv e n  b y  the  
n a tu re  o f th e  domain problem , to  lim it  the  search to  ju s t  tw o  (h e a v ily  
shaded) sub -dom a ins  o u t o f a va ria b le  num ber o f dom ains th a t  m ig h t be 
cons ide red  fo r  any  problem . The sub-dom ains are  h e a v ily  re fe re n ce  
in te r lin k e d  and th e  p r im a ry  conclus ions are summated to  p ro v id e  a G rand 
O ve ra rch in g  Conclusion on w hat shou ld  be the  p r ic e  o f a p a r t ic u la r  bond 
w a rra n t. As in  p re v io u s  tasks  the  tra d e r  may be d is s a tis f ie d  w ith  the  
outcome o f h is  own th in k in g .  In  such cases th e re  is  fe edba ck  to  change the  
n a tu re  o f th e  way the  problem  is  cons tra ined . U sua lly  th is  in v o lv e d  th e  
t ra d e r  d e c id in g  to  w iden the  scope o f the cons ide red  sub -do m a ins  to  
in v o lv e , fo r  in s tan ce , co n ve rsa tions  w ith  c o u n te rp a rt ie s  and co lleagues. 
Fo llow ing th is  th e  t ra d e r  ite ra te s  th ro u g h  the  problem  aga in  to  come to  a 
rev ised  conc lus ion .
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Commercial Im p lem enta tion  Details
A lth ough  th e  bank was v e ry  h e s ita n t abou t p e rm itt in g  th is  in v e s tig a t io n , the  
e x p e rt was v e ry  keen and i t  was possib le  to  u n d e rta k e  use fu l know ledge 
a cq u is itio n .
T hree  m ajor problem s p re ve n te d  im plem enta tion . F irs t,  fu n d in g  cou ld  no t 
be ob ta ined . Second, and more im p o rta n t, i t  was revea led  th a t  average 
e xp e rts  are r ig h t  in  bond w a rra n t p r ic in g  on o n ly  abou t 52% o f occasions. 
Key e xp e rts  may be r ig h t  on abou t 55% o f occasions. T h e re fo re  bond
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w a rra n t t ra d e rs  have much the  same s ta tu s  as success fu l ho rse  race 
p u n te rs . In  most e x p e rt system s w o rk , and in  th e  co n s id e ra tio n  o f any 
e x p e rt 's  prob lem  s o lv in g , i t  is  usu a lly  taken as a p re re q u is ite  th a t  th e  
e x p e rt so lves prob lem s "c o r re c t ly "  in  the  va s t m a jo r ity  o f cases. T h is  
seems alm ost to  be an im p lic it  cond ition  w ith in  th e  d e f in it io n  o f " e x p e r t" .
As a re s u lt  a w o rth w h ile  e x p e rt system  could no t be contem pla ted  w h e re  th e  
u n d e r ly in g  know ledge was so "s h a k y " . This p rob lem  ch a ra c te r is e s  many 
d e a lin g /tra d in g  a p p lica tio n s  in  the  bank ing  sec to r and many re p u ta tio n s , 
jo b s  and much fu n d in g  has been lo s t a ttem p ting  to  im p lem ent e x p e rt system s 
on such an unsound basis. In  fa c t, efforts in the trading s e c to r have 
p a r t ia l ly  spo iled  th e  re p u ta tio n  o f e x p e rt system s in  b a n k in g . T h is  is  to  be 
re g re tte d  s ince  many a p p lica tions  in  re ta il b a n k in g  (ie  ro u t in e  loan 
app lica tio n  and s im ila r problem  s o lv in g ) are v e ry  easy to  im p lem ent and 
have g re a t u t i l i t y .
A th ir d  prob lem , coup led  w ith  the  un re lia b le  n a tu re  o f th e  t ra d e rs ' 
know ledge is  the  fa c t th a t  tra d e rs  change th e ir  know ledge (o r  as th e y  
exp ress  it ,  th e ir  " v ie w " )  on an ongo ing  basis. Thus, a s e t o f c ircu m s ta n ce s  
tom orrow  m ig h t be in te rp re te d  d if fe re n t ly  from  th e  same se t o f 
c ircum stances  today. Where the  tra d e rs ' know ledge is  cha n g in g , o r  as th e y  
w ould e u p h e m is tica lly  say "e v o lv in g " , i t  is  d i f f ic u l t  to  env isage  an e x p e rt 
system  th a t does no t have the  capac ity  to  update i t s  own know ledge  base 
in  lin e  w ith  th e  e x p e rt 's  c u r re n t  v iew  o f the  w o rld .
The fo u r th  prob lem  in  th e  p o ten tia l Eurobond a p p lica tio n  was th a t  t ra d e rs  
a cq u ire  cons ide rab le  v e rb a l data on trad ed  w a rra n ts  from  o th e r  tra d e rs . 
L ike  a ll f in a n c ia l t ra d in g  th e re  is  much in te r - t r a d e r  goss ip  and d iscu ss io n  
o f rum ours . A ll th is  v e rb a l m ateria l has an e ffe c t on th e  tra d e rs  p rob lem
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s o lv in g  and p r ic e  s e ttin g . However, even i f  th e  t ra d in g  know ledge had been 
stab le , the  re q u ire m e n t to  in p u t  a mass o f v e rb a lly  a cq u ire d  da ta  w ould 
have e ffe c tiv e ly  k ille d  th e  chances o f th e  e x p e rt system  be ing  useable in  
p ra c tice . S im ila rly , p a r t  o f the  in p u t  to  decis ion m aking is  an in te rp re ta t io n  
o f n o n -e le c tro n lc a lly  encoded da ta  (w here  F inancia l Times re p o r ts  a re  
u su a lly  quo ted  as th e  p r im a ry  example). The s e le c tive  encod ing  o f such 
in p u t,  w h ich  can be vo lum inous and ongo ing , is  a ta s k  th a t  cann o t be 
u n d e rta ke n  b y  the  t ra d e r  and p re se n ts  a fu r th e r  co n s id e ra b le  s tu m b lin g  
b lock  to  th e  successfu l in tro d u c tio n  o f e x p e rt t ra d in g  system s.
A f i f th  issue  is  th a t, as d iscussed above, the  t ra d e r 's  in te rp re ta t io n  o f 
va r io u s  screens e tc  seems to re ly  on a fo rm  o f "p e rc e p tu a l know ledge" 
w h ich  is  n o t eas ily  a r tic u la te d  o r  c a p tu re d . T h is  p re se n ts  y e t  a no the r 
p o te n tia l d i f f ic u l ty  on th e  ro u te  to  a v ia b le  e x p e rt system .
A lth ough  i t  is  te c h n ic a lly  feas ib le  a f in a l s ix th  d i f f ic u l t y  is  th a t  th e re  would 
be cons ide rab le  in te r fa c in g  overheads in  e n a b lin g  a ny  e x p e rt system  to  
se lec t and d raw  upon th e  many data  feeds and in d iv id u a l da ta  sou rces  used 
b y  the  tra d e r .
In  sum m ary, the  la s t p o in t emphasises th e  need fo r  da ta  re q u ire d  fo r  
problem  s o lv in g  to  be in  a co n ve n ie n t fo rm  and, id e a lly , a lrea dy  
e le c tro n ic a lly  encoded. I f  th e re  is  a b a r r ie r ,  such as th e  re q u ire m e n t to  
encode a mass o f v e rb a lly  a c q u ire d  da  la , then th e  system  s ta n d s  l i t t le  
chance o f successfu l u se r acceptance even i f  the  know ledge is  h ig h ly  s tab le  
and re liab le . The fa c t th a t  Eurobond T ra d in g  know ledge is  n e ith e r  s tab le  
n o r re lia b le  m ere ly com pounds an a lre a d y  v e ry  poo r chance o f success fu l 
im p lem enta tion  o r  use.
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A dditional Comments
These comments fo llow  p a r t ic u la r ly  from  the  b r ie f  in tro d u c tio n  made above 
to  th e  use o f th e  m u ltip le  pages from  exte rna l data  sources (eg R eute rs  and 
T e le ra te ) w h ich  c o n s titu te  a prob lem  so lv in g  p rop  a round  w h ich  much o f th e  
problem  s o lv in g  is  u n d e rta ke n .
The t ra d e r  w ould  c o n s ta n tly  se lec t and s c ru tin is e  a g re a t many pages in  th e  
course  o f h is  tra d in g . A lth o u g h  he would re p o r t when a p a r t ic u la r  f ig u re  
o r  re p o r t  lead him to  in it ia te  a tra d e  o r seek some fu r th e r  in fo rm a tio n  i t  
was no t c le a r w hy th is  p a r t ic u la r  f ig u re  shou ld  be u n iq u e ly  s ig n if ic a n t.
In  the  know ledge a cq u is itio n  sessions (which were conducted  " b y  re v ie w " 
as d iscussed in  C hap te r 4) th e  tra d e r  could amply ju s t i f y  h is  ac tions. 
N everthe less such ju s t i f ic a t io n s  seemed always to be pos t hoc exp lana tions  
ra th e r  than  th e  reasons w h y  th e  da ta  item  was selected. T h is  key issue  is  
re tu rn e d  to  in  C hap te r 6 in  a d iscussion o f the  ro le  o f p e rce p tu a l 
know ledge.
S im ila rly , and as cons ide red  above in  the  d iscussion o f th e  a rc h ite c tu re  o f 
the  problem  s o lv in g , th e re  are  m u ltip le  lin kag es  between m u ltip le  
sub-dom ains. A lth o u g h  such o v e ra ll s t ru c tu re  is  v e ry  c le a r th e  de ta iled  
reasons w hy p a r t ic u la r  sub -dom a ins  are  invoked  d u r in g  p rob lem  so lv in g  are  
many and va rio u s . In  fa c t, a lth o u g h  the  e xp e rt w ill a lw ays g iv e  a pos t hoc 
ju s t if ic a t io n  (s im ila r ly  to  above), th e re  seems l i t t le  hope o f c a p tu r in g  re lia b le  
ge n e ric  know ledge c o v e r in g  th e  re fe re n c in g  between sub -dom a ins .
Thus, in  o v e ra ll conc lus ion , th e re  is  no in su rm o u n ta b le  d i f f ic u l t y  in  
a c q u ir in g  and u n d e rs ta n d in g  th e  o ve ra ll s t ru c tu re  o f th e  E u robond  w a rra n t
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t ra d e r 's  problem  so lv in g . Even though  i t  is  a fa ir ly  complex a rc h ite c tu ra l 
s t ru c tu re ,  as described  above, we are c o n fid e n t th a t i t  re p re s e n ts  th e  way 
in  w h ich  prob lem  so lv in g  is  u n d e rtake n .
However, and th is  seems to  be th e  c u r re n t  b a r r ie r  to  re p re s e n ta tio n  and 
im p lem enta tion , i t  is  d i f f ic u l t  i f  no t im poss ib le  f i r s t  to  a cq u ire  th e  de ta iled  
know ledge o f how tra d e rs  pe rce ive  in d iv id u a l re le v a n t fra g m e n ts  o f data  
from  a mass o f in p u ts  and, second, how th e y  se lec t from  a v a r ia b le  se t o f 
sub-dom ain  know ledge to  p u rsu e  the  p rob lem  to  so lu tion .
The h a n d lin g  o f know ledge such as th a t used b y  tra d e rs  p re se n ts  specia l 
p rob lem s fo r  th e  e x p e rt system s deve lope r. Coupled w ith  th e  o th e r 
d if f ic u lt ie s  a lre a d y  o u tlin e d  fo r  th is  task , i t  is  no t d i f f ic u l t  to  see w h y  so 
many b ra ve  a ttem pts  to  p ro v id e  e x p e rt t ra d in g  system s have fa iled .:
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, * IfWESTIGATlONS OF OCCUPATIONAL PROBLEM SOLVING
3.16 SUMMARY
T h is  c h a p te r has re p o rte d  on a se ries  o f o ccup a tiona l problem  s o lv in g  tasks 
in v e s tig a te d  to  g re a te r o r  le sse r degrees as p o te n tia l cand ida tes  fo r  e x p e rt 
sys tem s im plem entations. The nex t th re e  c h a p te rs  u t il is e  th e  f in d in g s  
re p o r te d  in  th is  c h a p te r to  d iscuss the  te c h n iq u e s  needed to  in v e s tig a te  
occupa tiona l problem  so lv in g  , the  problem  s o lv in g  com ponents id e n t if ie d  in  
th e  ta s k s  in v e s tig a te d  and the  fa c to rs  w h ich  can a ffe c t e x p e rt system s 
fe a s ib il ity ,  success o r  fa ilu re .
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IW E S T K ^ T IO N S  OF OCCUPATIONAL PROBLEM SOLVING
3.16 SUMMARY
T h is  c h a p te r has re p o rte d  on a series o f occup a tiona l p rob lem  s o lv in g  tasks 
in v e s tig a te d  to  g re a te r  o r  le sse r degrees as p o te n tia l cand ida tes  f o r  e x p e rt 
system s im p lem enta tions. The next th re e  c h a p te rs  u t il is e  th e  f in d in g s  
re p o rte d  in  th is  c h a p te r to  d iscuss th e  te c h n iq u e s  needed to  in v e s tig a te  
occupa tiona l problem  s o lv in g  , the  prob lem  s o lv in g  com ponents id e n t if ie d  in  
th e  ta s k s  in v e s tig a te d  and th e  fa c to rs  w h ich  can a ffe c t e x p e rt system s 
fe a s ib il ity ,  success o r  fa ilu re .
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CHAPTER 4 -  KNOWLEDGE ACQUISITION TECHNIQUES AND EXPERIENCE
4.1 INTRODUCTION
I t  has been an im p o rta n t o b je c tiv e  o f th is  resea rch  to  u n d e rs ta n d  th e  
prob lem  so lv in g  o f occupationa l e xp e rts . The a u th o r  has also had a 
c o n c u rre n t commercial o b je c tiv e  to  a c q u ire  com m ercial e x p e rt is e  fo r  the  
pu rposes  o f e x p e rt system s im plem entations. Such o b je c t iv e s  have demanded 
th e  deve lopm ent and re finem en t o f in v e s tig a tio n a l te ch n iq u e s . T he re  have 
been many s tu d ie s  o f problem s s o lve rs  y e t  w h a t has become known as 
"know le dge  a c q u is it io n "  fo r  many w o rk e rs  s t i l l  rem a ins a c r it ic a l b o ttle n e ck  
(Feigenbaum  & M cCorduck, 1984) in  th e  c o n s tru c tio n  o f e x p e rt system s. The 
a u th o r has expe rienced  and, in  some cases, overcom e co n s id e ra b le  prob lem s 
in  a c q u ir in g  know ledge. In  consequence, th is  c h a p te r  re p o r ts  on the  more 
use fu l o f those te chn iques  which have ass is ted  th e  in v e s tig a t io n s  re p o rte d  
in  th is  th e s is  and, in  many cases, have a c tu a lly  been key e n a b lin g  fa c to rs  
in  im p lem enting  commercial e xp e rt system s. T ow ards th e  end o f th e  ch a p te r 
is  a specia l section  on "Problem  S o lv ing  P rops" th a t  have been enco un te red  
d u r in g  know ledge a cq u is itio n . The s tu d y  o f th e  v a r io u s  p h y s ic a l devices 
used b y  the  e x p e rt to  help him cope w ith  h is  w o rk  p ro v id e s  va lu a b le  c lues 
to  h is  prob lem  s o lv in g  and, in  many cases, o f fe rs  an easy ro u te  to  p ro v id in g  
s im ila r  fu n c t io n a lity  in  the  ta rg e t e x p e rt system .
4.2 BACKGROUND
A I research  on prob lem  so lv ing  has a long  h is to ry  and th e re  a re  num erous 
examples (eg Newell & Simon 1972) w here  human "e x p e r ts "  have been
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obse rve d  in  th e ir  a ttem pted so lu tion  to  a problem . In  many cases these 
o b se rva tio n  a re  accompanied by  the  s u b je c t 's  com m entary on h is  p ro g re ss  
to  a so lu tio n  o r  a re  in te r ru p te d  o r  la te r  fo llow ed b y  an e x p e rim e n te r's
in te r ro g a tio n  o f th e  s u b je c t in  an a ttem pt to  de te rm ine  th e  in te rn a l
m echanics o f h is  problem  so lv ing . In  the  app lied  e x p e rt sys tem s f ie ld  such 
a c t iv it ie s  a re  o fte n  labe lled  "know ledge  a c q u is itio n "  and, fo r  ins tance , 
Wei bank  (1983) o f fe rs  a rev iew  o f e a r lie r  w o rk  and Neale (1988) p ro v id e s  a 
good o v e rv ie w  o f w o rk  in  the  1980s to g e th e r w ith  an e x te n s ive  b ib lio g ra p h y . 
(C o rre s p o n d in g ly , th e  use o f so ftw a re  too ls to  s u p p o rt know ledge  a c q u is itio n  
is  d iscussed  in , fo r  instance , Gaines & L in s te r  (1990) and L a u b le t e t al
(1992). Use o f such too ls is  in  p r in c ip le  v e ry  much s u p p o rte d  by  the
a u th o r  bu t, in  p ra c tice , he has no t to  any e x ten t y e t had an o p p o r tu n ity  to 
p ro d u c tiv e ly  use them .)
In  th e  f ie ld s  o f occupa tiona l psycho logy, w o rk  s tu d y  and sys tem s ana lys is  
th e re  have been even more num erous s tud ies , a t a ll le v e ls  o f  competence, 
o f w o rk e rs  ta c k lin g  problem s encounte red  in  th e ir  jo b s . The m otive  fo r  
such s tu d ie s  is  u su a lly  to  increase th e  e ffic ie n c y  o f th e  p rob lem  so lv in g , 
e ith e r, d ire c t ly ,  b y  the  education o r  re -d ire c tio n  o f th e  p rob lem  s o lve r, o r  
by  p ro v id in g  b e t te r  s u p p o rtin g  equ ipm ent o r  docum enta tion  o r , in d ire c t ly ,  
b y  in c re a s in g  th e  problem  s o lv e r 's  jo b  sa tis fac tion .
However, even w ith  th is  long h is to ry  o f research  and commercial 
in v e s tig a tio n , know ledge a cq u is itio n  s t i l l  remains a d i f f ic u l t  a rea  fo r  the  
e x p e rt system s im p lem enter. The KADS in it ia t iv e  was s e t up w ith  a m ajor 
o b je c t iv e  to  overcom e such d if f ic u lt ie s .  However, KADS was n o t a va ila b le  fo r  
th e  m a jo r ity  o f  th e  pe riod  th a t th is  research was conducted . Even so, and 
as a s u p p o r te r  o f th e  KADS in it ia t iv e ,  the  a u th o r is  no t y e t  co n v in ce d  th a t 
i t  has overcom e a ll o f the  prob lem s o f know ledge a c q u is it io n  in  the
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commercial con tex t. (T h is  issue is  fu r th e r  d iscussed  below and is  more fu l ly  
sum m arised in  C hap te r 7) Neverthe less, as p a r t  o f p re c u rs o r  w o rk  to  KADS, 
th e  w o rk  o f B re u ke r & W ielinga (1984) p ro v id e s  y e t  a n o th e r good re v ie w  o f 
know ledge a c q u is itio n  techn iques .
The a u th o r  v e ry  much recogn ises the  d if f ic u lt ie s  associated w ith  know ledge 
a c q u is itio n  and su g g e s ts  th e  fo llow ing  as im p o rta n t reasons fo r  them.
F irs t,  i t  is  s tra n g e  th a t  so many psych o lo g y -b a se d  s tu d ie s  s u p p o r tin g  
e x p e rt system  research  a re  s t i l l  ce n tre d  on ta s k s  w h ich  are  no more than  
th e  exe rc ise  o f commonsense on an a r t i f ic ia l prob lem . Nobody, excep t the  
academic, earns a l iv in g  as an "e x p e rt"  on th e  E ig h t-P ro b le m  o r  th e  Tow er 
o f Brahma. Th is  s itu a tio n  has re su lte d  in  know ledge a c q u is itio n  fo r  re a l- l ife  
p rob lem  s o lv in g  s itu a tio n s  be ing le f t  in  many cases to  am ateurs fro m  o th e r  
d is c ip lin e s . The p s y c h o lo g is t has too o fte n  a p p lie d  h is r ig o u r  to  the  
am ateur c ry p ta r ith m e tic ia n  and le f t  the  o il-w e ll d r i l le r  to  th e  com pute r 
s c ie n tis t.
C o n tro lled  s tu d ie s  in  th e  Psychology L a b o ra to ry  have an im p o rta n t 
c o n tr ib u t io n  to p rob lem  so lv in g  research . However, th e  c o n d itio n s  necessary 
fo r  c o n tro l are sometimes incom patib le  w ith  th e  in v e s tig a t io n  o f a re a l- l ife  
ta s k  and, u n d e r such c ircum stances, the  a u th o r  w ou ld  choose to  s a c r if ic e  
r ig o u r  fo r  the  o p p o r tu n ity  to  d isco ve r how such a ta s k  was accom plished.
Second, th e re  are  seve re  consequences to  "n o n -c lin ic a l"  n a tu re  o f th e  s ites  
w he re  many real p rob lem  so lve rs  u n d e rta k e  th e ir  w o rk . Knowledge 
a c q u is itio n  can be re la t iv e ly  s tra ig h tfo rw a rd  when i t  is  poss ib le  to  iso la te  
th e  prob lem  s o lv e r to  th e  con fines o f the  P sycho log ica l L a b o ra to ry  o r  even 
to  a q u ie t o ffice . In  some o f the  tasks  re p o rte d  in  C hap te r 3, such as
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M u ltin a tio n a l Tax P lann ing  and Small Business Guidance, i t  was poss ib le  to  
d iv o rc e  th e  prob lem  s o lv e r from  h is  d a y - to -d a y  e n v iro n m e n t and c o n d u c t 
know ledge a c q u is itio n  in  a q u ie t room. However, cho ice  o f th e  know ledge 
a c q u is itio n  s ite  was n o t feas ib le  fo r  most o f the  resea rch  on e n g in e e rin g  
prob lem  s o lve rs  (such as Telecom Repair S e rv ice  o r  E n g in e e rin g  P re v e n ta tiv e  
M ain tenance) whose w o rk  re q u ire d  them to  use spec ia lised  too ls  and 
e qu ipm en t to  com plete the  te s ts  and ope ra tions  th a t w e re  an essen tia l p a r t  
o f th e ir  prob lem  so lv in g .
Even in  those cases w here i t  can be accom plished, ta k in g  th e  e x p e rt to  the  
em pty  la b o ra to ry  endangers  the  c re d ib il i ty  o f th e  a c q u ire d  e xp e rtise . For 
in s tan ce , in  Benchtop E lec tron ic  D iagnosis, much o f th e  e x p e rt 's  know ledge 
was dem onstra ted  (u s in g  equ ipm ent) ra th e r  than  v e rb a lis e d . In  th is  and 
s im ila r cases ( in c lu d in g  Job Shop S chedu ling  w here th e  w o rk in g  e n v iro n m e n t 
cons is te d  o f a room whose walls cons is ted  o f G antt c h a r t  w h ite b o a rd s , the  
e x p e rt re q u ire d  "dom ain p ro m p tin g " (ie  by  lo o k in g  a t e q u ipm en t e tc ) to  be 
able to  reca ll the  de ta il o f h is  w o rk .
So, in  sum m ary, th e re  are  specia l problem s concerned w ith  th e  in v e s tig a t io n  
o f p rob lem  s o lv e rs  u n d e rta k in g  real jo b s  in  th e  w o rk in g  e n v iro n m e n t. I t  
is  s u rp r is in g  th a t, am ongst the  papers on know ledge a c q u is itio n , te ch n iq u e s  
fo r  a c q u ir in g  occupationa l know ledge "o n -s ite "  are  n o t w e ll re p o rte d .
4.3 SPECIFIC TECHNIQUES
Examples o f th e  main techn iques  used by  the  a u th o r in  th e  cou rse  o f th is  
resea rch , to g e th e r w ith  re fe rences to  re le va n t p re v io u s  w o rk , a re  in tro d u c e d  
u n d e r th e  fo llo w in g  "S p e c ific  Techn iques" to p ic  head ings. Comments on
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o th e r  issues re le v a n t to  some o f th e  techn iques , such  as th e  com mercial 
p re s s u re s  on know ledge acqu is ition  and "p e rc e p tu a l know ledge", a re  
in te rs p e rs e d  a t re le v a n t po in ts .
To a la rg e  e x te n t th e  fo llo w in g  te c h n iq u e s  re p re s e n t  a p e rs o n a l " to o lk it" , 
along th e  lin e s  o f th a t  proposed by Gammack and Y oung (1985), adap ted  and 
deve loped b y  th e  a u th o r  on a needs d r iv e n  basis o v e r  th e  cou rse  o f th is  
research . The a u th o r f irm ly  agrees w ith  K idd (1987) th a t  th e re  is  no s in g le  
"m agica l te c h n iq u e " to  overcome the  know ledge a c q u is itio n  b o ttle n e c k  and 
th a t  a range  o f techn iques , re la ted  to  the  cha lle n g e  o f th e  ta sks  
in v e s tig a te d  and the  personal a p titu d e s  and s k il ls  o f th e  re se a rch e r, m ust 
be adopted on an e v o lv in g  basis.
S p e c ific  Techn ique : B r ie fin g
W herever poss ib le  th e  a u th o r a lways b r ie fe d  h im se lf on th e  ta s k  be fo re  
commencing know ledge acqu is ition . T h is  is  p a r t ia l ly  to  m ain ta in  c r e d ib i l i t y  
w ith  th e  e x p e rt and p a r t ia lly  to  u n d e rs ta n d  th e  "b u z z w o rd s "  (as w ith  
B re u k e r & W ielinga, 1984), and b a ckg ro u n d  to  th e  ta s k  and th e  domain. 
B r ie fin g  was sometimes q u ite  extens ive  so, fo r  in s ta n ce , th e  a u th o r  s p e n t 
p a r t- t im e  o f seve ra l weeks s tu d y in g  in te rn a tio n a l ta x  le g is la tio n  be fo re  
m eeting the  s e n io r e x p e rt fo r  M u ltina tiona l Tax P lann ing .
Id e a lly , as w ith  M u ltin a tio n a l Tax P lann ing , books o r  m anuals cou ld  a lw ays 
be used fo r  b r ie f in g . Neverthe less many app lied  e x p e rt  system s p ro je c ts  
a re  m ounted p re c is e ly  because good domain docum enta tion  does no t e x is t and 
th e  p r im a ry  o r  most c u r re n t  know ledge is  re ta in e d  b y  th e  e x p e rt. For 
in s tan ce , in  th e  case o f Eurobond w a rra n t T ra d in g  th e re  was no access ib le
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in fo rm a tio n  on th e  tra d in g  o f Eurobond w a rra n ts . I t  was p re c is e ly  th e  
newness and n o v e lty  o f t ra d in g  th e  in s tru m e n t th a t made th e  e x p e rt 's  
know ledge so u n iq u e  and va luab le .
Where no docum enta ry  ev idence  ex is ted , the  a u th o r u s u a lly  used a " b r ie f in g  
e x p e rt"  who was a co -equa l o r  colleague o f the  actua l e x p e rt. T h is  was 
done w ith  Small Business Guidance and i t  was possib le  to  "w a s te  c r e d ib i l i t y "  
w ith  th e  co lleague in  o rd e r  to  make a n o n -ig n o ra n t app roach  to  th e  real 
e x p e rt. In  o th e r  cases, such as A u d it Work P lann ing, th e  m anageria l p ro je c t 
spon so r was v e ry  s u c c e s s fu lly  em ployed as a b r ie f in g  e x p e rt. Such persons 
are  aw are o f th e  c ircum stances  and language o f the  domain even though  
th e y  may lack  de ta iled  o r, more commonly, u p -to -d a te  e xp e rtise . O ften such 
h ig h e r  le ve l v iew s are  im p o rta n t to  unders tand  the  o v e r r id in g  p u rp o se  o f 
the  ta s k  w h ich  th e  e x p e rt unde rtakes .
A good f u r th e r  example was p ro v id e d  by  L ife  U n d e rw r it in g  w he re  p r io r  
re fe r ra l was made to  a se n io r u n d e rw r ite r  not in v o lv e d  w ith  th e  d a y - to -d a y  
bus iness  o f u n d e rw r it in g  liv e s . His exp lanation was ex tre m e ly  va lu a b le  as 
p re p a ra tio n  fo r  know ledge a c q u is itio n  w ith  e x p e rt " f r o n t  l in e "  u n d e rw r ite rs  
b u t, more im p o rta n tly , p ro v id e d  in fo rm a tion  on the  bus iness p r io r i t ie s  o f the  
l i fe  com pany w h ich  w ere no t app rec ia ted  a t the  ju n io r  le v e l. As re p o rte d  
in  C hap te r 3, most l i fe  u n d e rw r ite rs  th in k  th a t th e ir  main goal is  to  be 
c a re fu l in  assessing r is k s ; th e ir  managers know th a t  th e  rea l goal is  to  
u n d e rw r ite  th e  maximum am ount o f business. U nder these c ircu m s ta n ce s  the  
few  bad r is k s  w ill be subm erged by the  p ro f its  from  the  in c re a se d  bus iness. 
As a re s u lt  o f  th e  management b r ie f in g  both know ledge a c q u is itio n  and 
e ve n tu a l system s im p lem enta tion  were su ccess fu lly  skewed to w a rd  " tu rn o v e r "  
than  accu racy  in  r is k  assessment.
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S p ec ific  Techn ique: T ra d it io n a l V erba l P rotocol C o llection
Telecom Repair S e rv ice  was th e  f i r s t  ta sk  in v e s tig a te d  in  th is  resea rch  and 
i t  was decided th a t the  s u b je c t 's  problem  s o lv in g  b e h a v io u r w ou ld  be 
reco rded  b y  ve rb a l data  co llec tio n .
S ince th e  sem inal w o rk  o f Newell and Simon (1972) on c ry p ta r ith m e tic ,  chess 
etc, th e re  has been a lo ng  tra d it io n  o f ve rb a l p ro toco l co lle c tio n  and 
ana lys is  in  th e  in v e s tig a tio n  o f human problem  s o lv in g . Where a p p ro p ria te , 
and sometimes as an a lte rn a tiv e , ve rb a l da ta  has been supp lem ented b y  the  
reco rd  o f o v e r t  b e h a v io u r w here  the  prob lem  s o lv in g  in v e s tig a te d  has 
in v o lv e d  some m an ipu la tion  o f domain o b je c ts  b y  th e  s u b je c t. B locks w o rld  
and s e r ia t in g  ta s k  prob lem s a re  examples w here  a re c o rd  o f th e  s u b je c t 's  
actions is  in va lu a b le .
In  th e  in v e s tig a t io n  o f Telecom Repair S e rv ice , th e  fa u lt  d ia g n o s tic ia n  shows 
o v e r t b e h a v io u r in  d ia g n o s tic  q u e s tio n in g  to  th e  custom er, in  th e  v a r io u s  
sw itch  se lec tions and te s tin g  ro u tin e s  pe rfo rm ed  on the  Test Desk and in  
the  accessing o f s p e c ific  custom er and equ ipm en t re co rd s . However th e  on ly  
ta n g ib le  ev idence  o f th e  cou rse  and re s u lts  o f h is  d iagnos is  is  th e  notes 
and d ia g n o s tic  code w r it te n  on the  docke t. A lth o u g h  th e re  is  th u s  
cons ide rab le  o v e r t  a c t iv i ty  b y  the  d ia g n o s tic ia n  i t  is  s t i l l  d i f f ic u l t  to  
" in d u c e "  the  m ethods by  w h ich  he so lves prob lem s. For th is  reason, and 
because i t  was in i t ia l ly  im possib le  to  in v e s tig a te  th is  task  " o f f - l in e "  away 
from  th e  equ ipm ent, i t  was decided to  use th e  method o f c o n c u rre n t 
ve rb a lis a tio n  in  an a tte m p t to  es tab lish  th e  course  o f h is  prob lem  s o lv in g . 
Newell and Simon (19 /2 ) was used b y  the  a u th o r  to  p ro v id e  a m ethodologica l 
fram ew ork  fo r  th e  method o f ve rb a l da ta  co lle c tio n  w h ich we used fo r  
Telecom R epair S e rv ice . The m ethods used a re  re p o rte d  more f u l ly  in  the
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C hap te r 3 accoun t o f th e  in v e s tig a tio n  o f th is  task.
From C o n c u rre n t V e rba lisa tion  to  In te rv ie w s
P ro toco ls  from  c o n c u rre n t behav iou r were not a p p ro p ria te  fo r  most o f th e  
ta sks  and, in c lu d in g  la te r  stages o f know ledge a c q u is itio n  from  Telecom 
Repair S e rv ice , we soon moved to  an in te rv ie w  s ty le  o f know ledge  
a c q u is itio n . As o u r  experience  p rog ressed  we used and deve loped  th e  
te ch n iq u e s  de sc rib e d  in  th e  fo llo w in g  pages to  in c rea se  th e  o v e ra ll 
e ff ic ie n c y  and management o f the  know ledge acquisition - process. 
N everthe less, i t  is  f i r s t  use fu l to  cons ide r the  special c o n s tra in ts  necessary  
when in v e s tig a t in g  problem  so lv ing  in  the  commercial con tex t.
The Commercial C o n s tra in ts  and P ressures on Knowledge A c q u is itio n
O ur w o rk  on commercial e x p e rt system s has caused us to  v e ry  c a re fu lly  
co n s id e r the  e ffic ie n c ie s  o f the  e x p e rt system im plem enta tion  p rocess  and, 
v e ry  p a r t ic u la r ly ,  th e  know ledge acqu is itio n  process. In  a d d itio n  to  a ll the  
o th e r  c r i te r ia  fo r  commercial success, e x p e rt system s m ust be b u i l t  w ith in  
th e  cos t and e x p e rt a v a ila b il ity /to le ra n c e  c o n s tra in ts  o f th e  sponso r. E xp e rt 
system s sponsors  commit bo th  th e ir  money and th e ir  e x p e rts ' tim e to  an 
e x p e rt system  p ro je c t.  The p ro je c t w ill no t be v ia b le  i f  e ith e r  re s o u rc e  is  
squande red  o r  abused.
In  fa c t, seve ra l o f the  ta sks  re p o rte d  in  C hapter 3 have n o t re s u lte d  in  
v ia b le  e x p e rt system s. Of course, in  some cases, th e re  w ere  o v e r r id in g  
fe a s ib il ity  prob lem s, such as fo r  Perm anent Health In su ra n ce . N everthe less ,
244
K nowledge A c q u is it io n  T e c h n iq u e s  a fp  E x p e r ie n c e  
in  o th e r  cases such as Job Shop S chedu ling , a system  was n o t im plem ented 
because th e  a u th o r  was unable  to  conv ince  the  sponso r th a t  th e re  was a 
v ia b le  way to  a c q u ire  th e  know ledge th a t  w ould  be bo th  c o s t-e ffe c t iv e  and
also would n o t ta ke  excessive e x p e rt time.
However, in  many o th e r  cases, a successfu l e x p e rt system  has been
im plem ented, p a r t ia l ly  as a re s u lt  o f th e  p e rce ived  e ff ic ie n c y  o f th e
know ledge a c q u is itio n  process. In  th is  co n te x t i t  shou ld  be noted th a t  
"e f f ic ie n c y "  can have two meanings and i t  is  im p o rta n t to  d is t in g u is h  
between them. The re  can be "e ff ic ie n c y "  fo r  the  e x p e rt o r  " e f f ic ie n c y "  fo r  
the  know ledge e n g in e e r. Thus, in  the  f i r s t  case, the  a c q u is itio n  p rocess can 
be e ff ic ie n t  fo r  th e  know ledge eng inee r o r  re se a rch e r w ith o u t be ing  e f f ic ie n t  
fo r  th e  e xp e rt.
For in s tance , many o f th e  now "c la ss ica l" m ethods o f know ledge a cq u is itio n  
(eg re p e r to ry  g r id ,  ca rd  s o r t in g )  a re  q u ite  e f f ic ie n t  fo r  th e  re s e a rc h e r b u t  
v e ry  in e f f ic ie n t  f o r  th e  e xp e rt. Both the  tech n iq u e s  m entioned o f fe r  a v e ry  
th o ro u g h  and, f o r  the  resea rche r, co m p a ra tive ly  s t ra ig h t fo rw a rd  m echanical 
ro u te  to  e lic it in g  the  know ledge and, to  a la rg e  ex ten t, o rg a n is in g  i t  in to  a 
co n ve n ie n t fo rm  c o n c u rre n t ly  w ith  th e  e lic ita t io n  process. ( I t  can be a rgue d  
th a t know ledge has no t been "a c q u ire d "  u n t il th e  raw  e lic ite d  know ledge has 
been und e rs too d  and o rgan ised  in  some co h e re n t w ay.)
S im ila rly , an d  as was th e  case in many e a r ly  e x p e rt system  im p lem en ta tions 
in v o lv in g  "d e d ica te d  e x p e rts " , i t  can be q u ite  e f f ic ie n t  fo r  th e  know ledge 
en g in e e r to  ask th e  e x p e rt to  s it  a round , c la r i fy in g  th e  occasiona l p o in t, 
w h ile  a p ilo t  o r  p ro to ty p e  e x p e rt system  is  re fin e d  in  f r o n t  o f him. 
However, as w ith  th e  "c la s s ic a l"  methods above, such "o n - lin e  p ro to ty p in g "
IS well beyond th e  tim e o r  to le rance  o f most e xpe rts . In  fa c t,  a lth o u g h  we
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respec t these and o th e r  " l i te ra tu re "  techn iques, th e re  has been no occasion 
when th e  p ra c t ic a lit ie s  o f th e  real l i fe  s itu a tio n  have even a llow ed us to  
va g u e ly  co n s id e r th e ir  use. We are  convinced th a t tech n iq u e s  such  as ca rd  
s o r tin g  w ould be s im p ly  " la u g h e d  o u t o f c o u r t"  by  most o f  th e  e x p e rts  we 
have encoun te red .
Thus, ra th e r  than  e ff ic ie n c y  fo r  ou rse lves  as know ledge e n g in e e r, o u r  f i r s t  
concern has a lw ays been e ffic ie n c y  from  the  e x p e rt 's  p o in t o f  v iew . We 
have a lw ays t r ie d  to  make th e  a cq u is itio n  process the  le a s t tim e -co nsum ing  
and easy fo r  th e  e xp e rt. We have never a ttem pted to  use th e  more 
p ro tra c te d  te ch n iq u e s  o f  th e  psycho log ica l la b o ra to ry  and, b y  d o in g  so, have 
managed to  gain access to  a range  o f expe rtise  th a t we a re  s u re  w ou ld  no t 
have o th e rw ise  been ava ila b le  to  us.
N everthe less, as we have p rog ressed , e ffic ie n c y  from  th e  re s e a rc h e r 's  p o in t 
o f v iew  has become in c re a s in g ly  im p o rta n t. B udgets fo r  e x p e rt system s 
p ro je c ts  have become t ig h te r .  As a re s u lt, and pe rhaps  b y  becom ing a l i t t le  
more expe rienced  in  us in g  q u a s i-psycho log ica l tech n iq u e s  in  a way th a t  is  
accep tab le  to  th e  commercial e xp e rt, we have developed c e r ta in  in te rv ie w in g  
techn iques  fo r  know ledge a cq u is itio n  techn iques th a t  seem to  o f fe r  
reasonable e ff ic ie n c y  fo r  bo th  re se a rche r/know ledg e  e n g in e e r and e xp e rt.
S p ec ific  Techn iques: E x p lo ra to ry  Knowledge A cq u is itio n
A cq u is itio n  o f th e  know ledge fo r  any new task m ust in e v ita b ly  pass th ro u g h  
a se ries  o f stages. In  the  f i r s t  instance, when th e  ta s k  is  b a re ly  
unde rs tood  th e  know ledge a c q u is itio n  w ill in e v ita b ly  be o f an "e x p lo ra to ry "  
n a tu re  and w ill be ra th e r  more u n s tru c tu re d  than  th e  la te r  s tages w here
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th e  know ledge en g in e e r is  " f i l l in g  in "  th e  know ledge  on a m o re -o r- le s s  
es tab lishe d  s tru c tu re .  (T h is  is  th e  p a r t ic u la r  p rom ise  and m e rit o f KADS, 
w here  once an in te rp re ta t io n  model has been se lected, th e  know ledge 
e n g in e e r can d ire c t  h is  a c q u is itio n  tech n iq u e s  to  th e  needs o f th e  to p -d o w n  
process o f p o p u la tin g  th e  model.)
W hatever m ethods are chosen fo r  th e  mid to  la te r  stages (and KADS seems 
a prim e cand ida te ), i t  is  o u r  asse rtion  th a t th e  in it ia l e x p lo ra to ry  stage o f 
know ledge a cq u is itio n  is  p o te n tia lly  the  most in e f f ic ie n t  and i t  is  to  th is  
area th a t  we have addressed most o f o u r  a tte n tio n . T he re  is  good reason 
fo r  th is  because, in  o u r  commercial w o rk , i t  has been o u r  a b i l i ty  to  co n d u c t 
ra p id  and e f f ic ie n t  know ledge a c q u is itio n  b e fo re  th e  fo rm al agreem ent to  
spon so r a p ro je c t th a t has so o fte n  enabled us to  make s u f f ic ie n t  p ro g re s s  . 
fo r  us to  p ro ve  the  m e rit o f the  w o rk  to  th e  sponsor.
In  so many cases th e re  has been a "Catch 22" s itu a t io n  w here  th e  re lu c ta n t^  
sponso r has o n ly  agreed to  a few  hou rs  o f h is  p re c io u s  e x p e rt 's  tim e fo r  us., 
to  co n d u c t o u r  "e xp e rim e n ts ". Unless th is  tim e can be used to  th e  maximum 
e ffe c tive n e ss  then  th e re  w ill be no fu r th e r  o p p o r tu n ity  to  v is i t  th e  e x p e rt 
to  ob ta in  more ev idence on w h ich  to  base a com m ercial p roposa l to  proceed. 
(The problem  is  a c tu a lly  o fte n  w orse than th is  because the  in it ia l know ledge 
a c q u is itio n  m ust o ften  also be used to  "scope th e  know ledge" in  o rd e r  to  
p ro v id e  a cos t quo ta tio n  fo r  the  b u ild in g  o f an e x p e rt system . 
U nderestim a tion  e r ro rs  a t th is  stage can re s u lt  in  c o n s id e ra b le  fin a n c ia l 
pena lties  fo r  th e  commercial im p lem ente r.)
Knowledge A cq u is itio n  -  A N a tu ra l A b ilitv ?
A key persona l b e lie f u n d e r ly in g  o u r know ledge  a c q u is itio n  te chn iques ,
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e spe c ia lly  those used a t th e  c ru c ia l e x p lo ra to ry  stage, is  th a t  as hum ans we 
are n a tu ra lly  ra th e r  good a t know ledge acq u is itio n . W hether we a re  a sk in g  
ro u te  d ire c tio n s  o r  t r y in g  to  und e rs tan d  someone's jo b  a t a p a r ty ,  th e  
q u e s tions  are  e a s ily  and e f f ic ie n t ly  generated and, in  th e  main, we g e t th e  
in fo rm a tio n  th a t  in te re s ts  us. I t  th e re fo re  seems u n fo r tu n a te  th a t  many 
in te n d in g  b u ild e rs  o f e x p e rt system s are  to ld  th a t  know ledge a c q u is it io n  is  
d i f f ic u l t  and a c r it ic a l s tu m b lin g  b lock  in  the  e x p e rt system s and re la te d  
areas.
O ur persona l fe e lin g  is  th a t  know ledge a cqu is ition  (ie  p r im a r ily  know ledge  
e lic ita t io n )  is  no t too d i f f ic u l t .  What is  d i f f ic u l t  is  to  make th e  process 
e f f ic ie n t  and, pe rhaps  more im p o rta n tly , to fo llow  i t  w ith  a p ro p e r  and 
e f f ic ie n t  s t ru c tu r in g  o f th e  acqu ired  know ledge (eg such as o ffe re d  by  
KADS).
The fo llo w in g  te ch n iq u e s  are  am ongst those used b y  th e  e x p e rt p a r t ic u la r ly  
a t th e  e x p lo ra to ry  stage o f know ledge a cqu is ition .
S p e c ific  Techn ique : P re p a ra to ry  B r ie fin g  o f E xpe rt
The f i r s t  te ch n iq u e  is  a c tu a lly  used in  advance o f th e  f i r s t  fo rm a l m eeting 
between re se a rch e r and e xp e rt. We have found  i t  u se fu l to  avo id  m eeting 
an e x p e rt "c o ld "  on th e  f i r s t  know ledge a cqu is ition  session and, w h e re v e r 
poss ib le , we have te lephoned  o r, on one o r  two occasions, b r ie f ly  meet th e  
e x p e rt in  advance.
The o v e r t  p u rp o se  o f th e  ensu ing  conve rsa tion , ra re ly  la s tin g  more than  
f if te e n  m inutes, is  to  g iv e  con fidence  to  the  expe rt. In  most cases e x p e rts
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are "v o lu n te e re d "  by  th e ir  em ployers and a re  ra th e r  u n s u re  w h a t to  expect. 
A f r ie n d ly  phone call w ill u su a lly  d ispe l any  re s e rv a tio n s  and e s ta b lish  a 
basis o f re laxed ra p p o rt  fo r  the  in it ia l session. We have d iscove red  th a t  
expe rts , esp e c ia lly  a t th e  techn ic ian  le ve l (eg fo r  th e  e n g in e e rin g  ta s k s  
in v e s t ig a te d ) , w e re  o fte n  a p p a re n tly  concerned th a t "p o o r p e rfo rm a n ce " a t 
the  know ledge a c q u is itio n  sessions m ig h t a ffe c t th e ir  advancem ent. For th is  
reason we have a lw ays g ive n  assurances th a t  th e  re s u lts  o f th e  exe rc ise  w ill 
no t be used fo r  app ra isa ls  e tc. La te r, d u r in g  know ledge a c q u is itio n  i t s e l f  
th e  p resence o f the  lin e  manager w ill o n ly  in c rease  such fe a rs  and i t  is  
b e tte r  i f  he is  ta c t fu l ly  excluded. A v a r ia t io n  o f th is  p rob lem  o c c u rre d  in  
Pensions Management w here , as exp la ined in  th e  C hap te r 3 accoun t o f th is  
task , th e re  was cons ide rab le  in te r -e x p e r t  d isagreem ent. Be fore  re c o n c ilin g  
th is  prob lem  b y  g e tt in g  th e  sponsor to  a p p o in t a s in g le  a u th o r ita t iv e  e x p e rt, 
i t  was necessary to  assu re  some o f th e  e xp e rts , who w ere  v e ry  expe rienced  
b u t ju n io r  to  o th e rs , th a t  th e re  v iew s w ou ld  no t t r ig g e r  a d is p u te  to  th e ir  
ca ree r d e tr im e n t.
In  the  p re -m e e tin g  con ve rsa tio n , an exp lana tion  o f th e  l ik e ly  cou rse  o f 
even ts  has had a num ber o f advantages. A p a rt from  c o n firm in g  "d om estic " 
m atte rs  as tim e and place and re a ssu rin g  th e  e xp e rt, such e a r ly  co n ta c t has 
o ften  have unexpected w in d fa lls . In  a t le a s t seve ra l in s ta n ce s  e xp e rts  have 
b ro u g h t a p ile  o f "p r im e  exam ples" to  the  know ledge a cq u is itio n  sessions.
For example, in  one o f th e  un re p o rte d  e x p e rt system  im p lem enta tions 
fo llo w in g  th e  Benchtop E le c tro n ic  D iagnosis research  th e  e x p e rt co llected  and 
p repa red  a se ries  o f "k e y  example" d e fe c tiv e  c ir c u i t  boa rds  in  the  tw o  
weeks p r io r  to  o u r  m eeting. S im ila rly  in  Small Business G u id an ce  th e  senior 
e x p e rt in v o lv e d  a r r iv e d  w ith  a co llec tion  o f balance shee ts  w ith  w h ich  to  
dem onstra te  p a r t ic u la r  key in d ic a to rs  o f bus iness hea lth  o r  o the rw ise . In
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th e  case o f E ng inee ring  P re v e n ta tiv e  Maintenance, and again as a re s u lt  o f 
in v e s tin g  a l i t t le  tim e in  p r io r  co n ta c t, the  e xp e rt sp e n t se ve ra l h ou rs  in  
p r iv a te  p re p a ra tio n  and came to  th e  f i r s t  session w ith  e labo ra te  d iagram s 
and notes. Such n ea tly  ty p e d  "hom ew ork", complete in  a b in d e r, con ta ined  
most o f th e  know ledge o f the  domain. So, as a re s u lt  o f a few  m inutes 
p re p a ra to ry  con ve rsa tio n , a la rg e  p a r t  o f o u r a c q u is itio n  w o rk  was 
unexpected ly  done fo r  us b y  the  e x p e rt.
Examples from  o u r  own research  such as those quoted above show th e  same 
advan tages as c ite d  b y  Gammack and Young (1985) and Gammack (1987) who 
c ite  th e  va lue o f ask in g  th e  e x p e rt to  p repa re  an in tro d u c to ry  ta lk  w h ich , 
when d e live re d  by  the  e x p e rt, is  ta p e -re co rd e d  fo r  subse quen t a n a lys is  by  
the  know ledge eng ine e r. We be lieve  th a t expe rts  u su a lly  know th e  most 
im p o rta n t aspects o f th e ir  know ledge and are o ften  b e tte r  a t h ig h lig h t in g  
these than  the  "dom ain ig n o ra n t"  resea rche r. In  the  e a r ly  days  o f e x p e rt 
system s, some o f the  more success fu l systems have been c o n s tru c te d  by  
exp e rts  them selves. Where th is  is  no t feasib le , and th e  e x p e rt is  
s u f f ic ie n t ly  w e ll-o rg a n ise d , s e lf-p re p a ra t io n  o f "domain n o tes" is  sometimes 
a p o w e rfu l "second b e s t"  to  s e lf-c o n s tru c tio n  o f the  actua l system .
S p ec ific  Technique: "W hat do vou do?"
Th is  v e ry  sim ple and ob v io u s  open ing  gam bit can o ften  t r ig g e r  th e  e x p e rt 
in to  a v e ry  fu l l  and com petent d e s c r ip tio n  o f the  task  w h ich  he u nd e rtake s . 
I t  is , a f te r  a ll, th e  ques tion  w h ich he has been m enta lly p re p a r in g  fo r  in  h is  
a n tic ip a te d  e n co u n te r w ith  th e  re se a rch e r. However the  "W hat do you do?" 
question  sometimes seems to  be m issed by w o rke rs  anxious to  ru s h  in to  
s tru c tu re d  a c q u is itio n . For example, in  the  case o f Commercial Business
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U n d e rw r it in g  w h ich , as we sha ll show, is  la rg e ly  p ro ce d u ra l, th e  "W hat do 
you do?" ques tion  e lic ite d  the  core "a lg o r ith m " u n d e r ly in g  th e  e x p e rt 's  task . 
The e x p e rt spoke unprom pted fo r  abou t tw o h o u rs  a f te r  w h ich i t  was m ere ly 
necessary to  " f le s h  o u t"  th e  know ledge w ith  s p e c if ic  ins tances  o f r is k  and 
th e ir  consequences. Again, a ltho ugh  th e  " ta lk "  was no t s p e c ific a lly  
requested , th e re  is  a pa ra lle l to  Gammack and Y oung (1985) and Gammack 
(1987) c ited  above.
In  c o n tra s t th e  "W hat do you do?" q ue s tion  was alm ost w o rth le ss  fo r  
Perm anent Health In su ra n ce  and Eurobond W a rra n t T ra d in g  w here  i t  e lic ite d  
l i t t le  more than  an e labora tion  o f th e  e x p e rt 's  jo b  t it le .
S p e c ific  Technique: Recognising E xp e rt's  A b il i tv  to  Explain th e  Problem 
Domain
A p a r t ic u la r  goal o f o u r  know ledge a c q u is itio n  has a lw ays been to  a cq u ire  
an e a r ly  im press ion  o f th e  scope and a rra n g e m e n t o f th e  domain from  the  
e x p e rt 's  p o in t o f view. A lm ost w ith o u t excep tion  in  th e  tasks  in v e s tig a te d , 
th is  scope and la y o u t has been d if fe re n t  from  th a t  in fe r re d  from  the  
pe rsona l p re p a ra tio n  o r  sp o n so r's  b r ie f in g . For in s tance , in  Perm anent 
Health In s u ra n c e  the b r ie f in g  in d ica te d  th a t th e  e x p e rtis e  was p r im a r ily  in  
medical in te rp re ta tio n . In  th e  even t, i t  was la rg e ly  in  th e  area o f assessing 
o ccu p atio n a l consequences o f d isa b lin g  c o n d itio n s .
As a re s u lt  o f th is  re g u la r ly  fo u n d  d is p a r ity  between sponsor and e xpe rt, 
and p a r t ic u la r ly  where th e  "W hat do you do?" q ue s tion  g ives a shallow  
response, i t  is  usua lly  v e ry  w o rth w h ile  to  ask th e  e x p e rt to  re co u n t a 
ty p ic a l case. O ften the  b e s t way to  do th is  is  to  ask  th e  e x p e rt to  re co u n t
;
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the  sp e c ific  case he was dea ling  w ith  im m ediate ly p r io r  to  th e  know ledge 
acqu is itio n  session. We have come to  re fe r  to  th is  as the  "y e s te rd a y "  
question .
The most re ce n t o r  ty p ic a l cases can be recoun ted in  th e  r ic h e s t de ta il. 
There  is  no reason to  ig n o re  th is  eas ily  ob ta ined p a r t  o f th e  e x p e rt 's  
know ledge b y  commencing w ith  more obscu re  areas o f e xp e rtise . In  s h o rt, 
the  " lo w -h a n g in g  f r u i t "  shou ld  be co llected  f i r s t .  In  do ing  so th e  e x p e rt 's  
con fidence  (and o fte n  h is  co -o p e ra tio n ), is  also u s e fu lly  boosted b y  h is  
a b i l i ty  to  exp la in  th e  more eas ily  reca lled  m ateria l f i r s t .
The re s u lt in g  to r re n t  o f m ateria l u s u a lly  con ta ins  much prob lem  s o lv in g  
" s t ru c tu ra l"  m ateria l to g e th e r  w ith  f lu e n t  de ta ils  o f s p e c ific  cases and the  
know ledge re la tin g  to  them . In  Benchtop E le c tro n ic  D iagnosis th e  
"y e s te rd a y "  question  p rom pted  the  response "A n o th e r one o f  those  fu n n y  
l i t t le  red  ones". The p e c u lia r it ie s  o f fa u lts  a r is in g  from  fa ilu re s  in  a g ro u p  
o f th ir te e n  small red  c a p a c ito rs  were to  form  the  p r in c ip a l and most com plex 
e lem ent o f th e  a cq u ire d  know ledge and the  "y e s te rd a y "  que s tion  enabled 
most o f th is  m ate ria l to  be a cqu ired  ra p id ly  on the  f i r s t  day.
Sometimes a more s t ru c tu re d  fo rm  o f know ledge a cq u is itio n  a c tu a lly  p re v e n ts  
e xp e rts  te ll in g  the  know ledge  e n g ine e r w hat he needs to  know. G iven th e  
o p p o r tu n ity , most e xp e rts  w ill cove r th e  key elements o f th e  domain f i r s t .  
I f  the  s tru c tu r in g  is  le f t  to  th e  kn ow ledge e n g in e e r then  v ita l m a te ria l may 
appear la te  o r  neve r. I f  la te r  ch ided  fo r  h is  "om iss ion" th e  e x p e rt w ill 
s im p ly  re p ly  "Well, you d id n 't  ask me". Th is has happened seve ra l tim es to  
th e  a u th o r and he has some concerns th a t, fo r  in s tan ce  in  th e  la te r  s tages 
o f a KA D S -supported im p lem enta tion , th e  know ledge e n g in e e r's  q u e s tio n s  may 
be so ded ica ted  to  th e  p u rp o se  o f s a t is fy in g  the  in te rp re ta t io n  model th a t
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he may not recogn ise, o r  even may su p p re ss , key know ledge th a t does no t 
f i t  the  demands o f the  model.
Specific Technique: Task Triggers and End-Points
A sim ple question  th a t can u su a lly  be c lea red  up v e ry  ra p id ly  is  to  ask th e  
e x p e rt w hat t r ig g e rs  h is  a c t iv ity .  Most o f th e  e x p e rts  we have encoun te red  
w o rk  on d is c re te  jobs . For in s ta n ce  fo r  Telecom Repair S e rv ice  th e  
in d iv id u a l ta sks  are rep resen ted  b y  p a r t ic u la r  fa u lts  on te lephone lin e s ; fo r  
A u d it  Work P lann ing  in d iv id u a l ta s k s  a re  re p re s e n te d  b y  p a r t ic u la r  annual 
a u d its  and fo r  L ife  U n d e rw r it in g  each ta s k  is  re p re se n te d  b y  a l i fe  to  be 
u n d e rw r it te n . ?
Once the  ta s k  t r ig g e r  is  es tab lished  i t  is  use fu l to  ask the  s u b s id ia ry  -  
q ues tions  on how the  " in p u t  s ta c k "  is  p r io r i t is e d  and w ha t a re  th e  goals to- 
be achieved from  each jo b . Do such goals v a ry  from  jo b  to  jo b ?  In ; 
Pensions Management fo r  in s tance  th e re  w ere  a t le a s t tw o d if fe re n t  s o r ts  o f 
" to p - le v e l"  goals. An employee w ou ld  e ith e r  w a n t an answ er to  a s p e c if ie rs  
ques tion  ("H ave I  excluded my fo rm e r w ife  from  pension en title m e n t? ) o r  
w ou ld  need a genera l o ve rv ie w  o f h is  l ik e ly  b e n e fit  s itu a tio n .
S im ila rly , i t  is  use fu l to  ask w ha t was th e  e n d -p o in t o f each task . In  
Commercial Business U n d e rw r it in g  th e  ta s k  was com pleted when a com petent 
q uo ta tio n  cou ld  be d ispa tched  to  th e  B ranch O ffice . In  the  e n g in e e rin g  
m aintenance and re p a ir  ta sks  com pletion was u s u a lly  in d ic a te d  by  e ffe c tiv e  
re p a ir  o f th e  equ ipm ent. A p a rt from  seek ing  th e  n a tu re  o f the  ta s k  
e n d -p o in t i t  is  th u s  usu a lly  easy to  de te rm ine  th e  c r i te r ia  th a t th e  exp e rt, 
o r  h is  s u p e rv is o r, use to  de te rm ine  when th e  ta s k  has been su cc e s s fu lly  
addressed. N everthe less, in  cases such as Small Business Guidance th e
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e n d -p o in t c r i te r ia  has been q u ite  vague.
S pec ific  Technique: Easv. D if f ic u lt  and D e fau lt Cases
As s ta ted  above, we s tro n g ly  advocate  a llow ing  the  e x p e rt " to  te ll h is  own 
s to ry " .  N everthe less, one o f the  most c o n fu s in g  s itu a tio n s  th a t  can o ccu r 
in  th e  e a r ly  e x p lo ra to ry  stages o f know ledge a cq u is itio n  is  fo r  an e xp e rt, 
pe rhaps as a re s u lt  o f h is  p a r t ic u la r  p e rs o n a lity , to  p lu n g e  in to  vo lum inous 
de ta il on obscu re  cases. T h is  p roduces ju s t  th e  s o r t  o f de ta ile d  know ledge 
th a t is  use fu l in  the  more s tru c tu re d  la te r  stages o f a cq u is itio n . However, 
i t  confuses th e  e x p lo ra to ry  stages when th e  re se a rch e r o r  know ledge 
e n g in e e r is  s t i l l  a tte m p tin g  to  u n d e rs ta n d  th e  g ross s t ru c tu re  o f th e  
know ledge. (Or, as exp la ined above, t r y in g  to  use his s t r ic t ly  lim ite d  tim e 
w ith  the  e x p e rt to  assemble the  bes t o ve ra ll u n d e rs ta n d in g  o f th e  domain 
in  o rd e r  to  make a costed proposa l fo r  th e  c o n s tru c tio n  o f an e x p e rt 
system .) In  th e  case o f KADS, w here  an in te rp re ta t io n  model has y e t to  be 
selected and th e re  is  no p ro p e r "h o s t"  fo r  th e  know ledge, th e  re se a rch e r 
may be unable to  p ro p e r ly  deal w ith  th e  de ta iled  o u tp o u rin g s  a t th is  stage. 
S ince expe rts  seem re lu c ta n t to  repea t th in g s  th a t th e y  fee l th e y  have 
a lrea dy  exp la ined in  g re a t de ta il, th e re  is  a consequen tia l d a n g e r th a t th is  
il l- t im e d  know ledge may be lo s t o r  may be d i f f ic u l t  to  ana lyze  d u r in g  the  
subsequen t know ledge a c q u is itio n  sessions.
In  such cases we have fo u n d  i t  u se fu l to  use sp e c ific  q u e s tio n s  w h ich  act 
as probes to  focus  th e  know ledge a c q u is itio n  in  a way s im ila r  to  th a t 
desc rib ed  in  B u rton  & S hadbo lt (1987). For ins tance , a use fu l s tra te g y  is  
to  in te r r u p t  th e  e x p e rt and say, "T e ll me, w ha t would happen on an easy 
day? ". For in s tance , when we used th is  method in  the  in v e s tig a t io n  o f Small
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Business Guidance we rece ived the  response, "W ell, a n ice  cash flow  problem  
w ou ld  be a good s ta r t " .  When th is  and o th e r  s t ra ig h t fo rw a rd  cases had 
been exp lo red  and the  s tru c tu re  o f th e  domain un d e rs to o d  we w ere more 
able to  cope w ith  the  e x p e rt's  d ig re ss io n s  in to  some o f the  more complex 
areas o f h is  know ledge.
In  c o n tra s t, some expe rts  t r y  to  be h e lp fu l b y  n e v e r dea ling  w ith  a n y th in g  
o th e r  than  sim ple cases. One o f the  s u b s id ia ry  e x p e rts  s u p p o r tin g  A u d it 
W ork P lann ing  was in  th is  ca tego ry  and p e rh a p s  th is  was due to  the  
a cco u n ta n t's  in s t in c t  th a t  nobody o u ts id e  th e ir  p ro fe ss io n  can app rec ia te  
a n y th in g  excep t the  most sim ple examples. A s im ila r  s itu a tio n  o c c u rre d  in  
Fo re ign  Exchange Exposure and, as w ith  acco u n ta n ts , i t  is  b es t to  ask a 
" d i f f ic u l t  case" question  such as "W hat is  th e  w o rs t ty p e  o f case w here  you 
have to  o f fe r  c u rre n c y  exchange ra te  expo su re  p ro te c tio n ? " The response
"T u rk is h  lire ,  a n y th in g  o v e r 18 m onths "  and im m edia te ly movecjj. the
e x p e rt in to  more to rtu o u s  and p ro d u c tiv e  a reas o f h is  know ledge.
Related to  th e  use o f easy and d i f f ic u l t  cases, we have fre q u e n t ly  asked 
e x p e rts  to  describe  th e ir  response to  w ha t we re fe r  to  as "d e fa u lt  cases". 
Two ca tegories  o f d e fa u lt cases are  proposed , common cases and th e  em pty 
case.
T he re  is  an adage in  the  e x p e rt system s com m un ity  th a t  " te n  p e r  cen t o f 
th e  know ledge can cope w ith  n in e ty  p e r ce n t o f th e  cases". T h is  may not 
be s t r ic t ly  t ru e  b u t i t  does seem th a t most ta s k s  in v o lv e  a h igh  p ro p o rtio n  
o f re g u la r  cases, which most s ta f f  can ta ck le , p lu s  a much lo w e r p ro p o rtio n  
o f more obscu re  cases w h ich  are  dea lt w ith  b y  th e  more experienced  s ta ff.
A lth o u g h  th e y  re p re s e n t a la rg e  segm ent o f th e  domain know ledge many o f
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the  obscu re  cases have o n ly  been encounte red  tw o o r  th re e  tim es 
p re v io u s ly . In  essence th is  less common know ledge is  th e  know ledge th a t  
d is tin g u is h e s  the  e x p e rt from  his colleagues. N everthe less, to  p ro v id e  a 
fram ew ork  fo r  the  re s e a rc h e r 's  u n d e rs ta n d in g  and, p ro b a b ly , th e  f in a l 
system  i t  is  use fu l to c a p tu re  the  ten  p e rce n t of m undane kn o w led g e  f i r s t .  
The h ig h lig h t in g  o f common and em pty cases serves th is  purpose .
Common case c a p tu re  is  s tra ig h t fo rw a rd .  The e x p e rt is  asked to  l is t  the  
th re e , f iv e  o r  ten most common cases which he enco un te rs  in  h is  w o rk . 
Then, ju s t  as w ith  the  use o f "y e s te rd a y "  and "easy d a y " cases de sc rib e d  
above, he is  asked to  d e sc rib e  h is  a c t iv i ty  i f  one o r  more o f such cases 
o ccu rre d .
The d e s c r ip tio n  w ith  such s e lf-d e c la re d  cases has a lw ays been f lu e n t  and 
p ro v id e s  a v e ry  ra p id  and easy method o f e lic it in g  much o f th e  b u lk  o f the  
ro u tin e  core know ledge o f th e  domain. M oreover, when the  e x p e rt is  in  
such c o n fid e n t g roun d , i t  is  fa r  eas ie r to  a cqu ire  p e r ip h e ra l know ledge  on 
too ls; docum ents and o th e r  p ro p s  w ith o u t the  r is k  o f d is tu rb in g  h is  p r im a ry  
d ia logue.
The em pty case ta c tic  is  a l i t t le  more c o n tr iv e d  b u t re s u lts  in  a v e ry  use fu l 
in p u t  fo r  when the  know ledge is  la te r  s tru c tu re d . The e x p e rt is  asked to  
d escrib e  h is a c t iv ity  i f  an "em p ty  case" was p u t in  h is  in - t r a y  o r  w o rk p ile . 
In  e n g in e e rin g  term s an em pty case is , fo r  instance , a fa u lt - f r e e  u n it  in  a 
p ile  o f fa u lty  u n its  fo r  re p a ir .  In  commercial te rm s an em pty case cou ld  be 
a s tra ig h tfo rw a rd  h e a lth y  r is k - f r e e  a p p lic a n t in  the  m ids t o f d o u b tfu l cases 
re q u ir in g  l i fe  o r  pe rm anen t hea lth  in su ra nce .
The va lue  o f the  em pty case is  th a t i t  causes the  e x p e rt to  go th ro u g h  h is  
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d e fa u lt search ro u tin e  o f w h ich , in  many cases, th e  e n t ire  know ledge is  an 
e labora tion . O b ta in ing  th is  key s t ru c tu re  d ire c t ly  and e a s ily  can be 
p a r t ic u la r ly  va luab le . I t  was used w id e ly  in  a num ber o f fo rm s fo r  Telecom 
Repair S e rv ice , Benchtop E lec tron ic  D iagnosis and Small Business Guidance.
For in s tan ce  in  Telecom Repair S e rv ice  th e  RCO was asked "S uppose  a 
custom er re p o rte d  a lin e  th a t was a c tu a lly  in  p e r fe c t w o rk in g  o rd e r? " . In  
Benchtop E le c tro n ic  Diagnosis . th e  q ue s tion  was "Im ag ine  th a t  y o u r  
s u p e rv is o r  p u t  a n o n - fa u lty  pow er u n it  on y o u r  bench, w ha t w ou ld  you 
do?". In  Small Business Guidance th e  bus iness  gu idance  c o n s u lta n t was 
asked "W hat w ou ld  happen i f  you w ere  asked to  p ro v id e  gu idance  to  a small 
f irm  th a t e v e n tu a lly  p ro ve d  to  be h e a lth y  and p rospe rous?
S pec ific  Techn ique : Counterexam ples and H vp o th e tica l Scenarios
These two w e ll known techn iques  have been w id e ly  used bo th  a t th e . 
e x p lo ra to ry  and more s tru c tu re d  la te r  s tages o f know ledge a c q u is itio n . At, 
such la te r  s tages th e y  w ill u sua lly  be used to  fo llo w  up know ledge ana lys is  
w here i t  has been d iscove red  th a t an a p p a re n tly  fe a s ib le  p rob lem  s itu a tio n  
has no t been d iscussed w ith  the  e x p e rt. For in s ta n ce  in  Telecom Repair 
S e rv ice  the  e x p e rt m entioned a range  o f ca tego ries  w here  e a rth  and b a tte ry  
fa u lts  o f d i f fe re n t  degrees o f s e v e r ity  (ie  d i f fe re n t  im pedances to  fu l l  
b a tte ry  o r fu l l  e a r th )  cou ld  a ffe c t  e x te rn a l cab les . On la te r  a n a ly z in g  th e  
acqu ired  know ledge i t  was rea lised th a t  o n ly  a fra c t io n  o f th e  poss ib le  
pe rm u ta tions  had been covered  in  d e ta il b y  th e  e x p e rt and th e re fo re  these 
were used as th e  basis o f fu r th e r  q u e s tio n s  to  th e  e xp e rt.
In  the exploratory stage of knowledge acquisition we have usually used
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counterexam ples on an im m ediate "on  th e  f ly "  basis w here i t  is  rea lised  th a t 
th e  e x p e rt is  o n ly  co v e rin g  one o u t o f two o r more op tions . T h is  s itu a tio n  
was p a r t ic u la r ly  p re v a le n t in  the  know ledge acqu is itio n  fo r  Small Business 
Guidance w here th e re  w ere a lw ays many a lte rn a tiv e s  to  th e  s p e c ific  case 
d e ta ils  d iscussed by th e  expe rts .
The use o f h y p o th e tica l scenarios is  somewhat d if fe re n t  from  th e  use o f 
counterexam ples. In  th e  main o n ly  one element o f the  example is  changed 
in  a counterexam ple s itu a tio n . In  a h yp o th e tica l scenario  a com ple te ly  new 
se t o f problem  elem ents is  u su a lly  p resen ted . Th is la t te r  te c h n iq u e  has 
p roved  most va luab le  to  ass is t e x p e rts  to  "move la te ra lly "  to  o th e r  areas o f 
th e ir  expe rtise . In  B u rton  & S hadbo lt (1987) such examples w ere  u su a lly  
p re p a re d  by  the  know ledge e n g in e e r p r io r  to  the  session w ith  th e  e xpe rt; 
in  o u r  w o rk  we have used the  te c h n iq u e  on a p u re ly  o p p o r tu n is t ic  basis 
w ith  example scenarios deve loped b y  th e  expe rim en te r d u r in g  th e  course  o f 
a p a r t ic u la r  session.
S p ec ific  Technique: U ser Knowledge A cq u is itio n
The pu rpose  o f an e x p e rt system  is  to  o f fe r  an e x p e rt 's  know ledge to  a 
"u s e r" .  In  d if fe re n t  e x p e rt system s, and sometimes fo r  th e  same system , 
"u s e rs "  may range  from  novices, w ith  l i t t le  know ledge o f th e  e x p e rt 's  
domain, to o th e r  experienced  p ra c t it io n e rs  whp ju s t  happen to  la ck  the  
s p e c ific  experience o f th e  "d o n o r"  e xp e rt. (An in fo rm a l c la s s if ic a tio n  o f 
"e x p e rts "  and "u s e rs "  is  d iscussed  in  C hapter 6 to  dem onstra te  th e  
d if fe re n t  fa c to rs  th a t these  d i f fe re n t  g roup s  d ic ta te  fo r  th e  success o r  
fa ilu re  o f an e x p e rt system .)
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However, in  a ll cases th e re  is  an im p lic it  re q u ire m e n t to  make good some 
d iffe re n c e  between th e  e x p e rt's  and use rs ' know ledge  o f the  dom ain. I t  is  
s t i l l  o fte n  n a iv e ly  assumed th a t e x p e rts  know , f i r s t ,  w hat use rs  need to  
know and, second, how i t  shou ld  be d e liv e re d  to  them . We d iscu ss  these 
tw o  Issues, o f "c o n te n t"  and " s ty le " ,  below.
U sers are  th e  real "cus tom ers" fo r  e x p e rt sys tem s. E xp e rt system s e x is t 
p r im a r ily  o r  so le ly  to  s a t is fy  use rs ' needs. I t  is  th e re fo re  s tra n g e  th a t so 
much e x p e rt system  b u ild in g  m ethodology c o n c e n tra te s  on a c q u is itio n  o f the  
e x p e rt 's  know ledge w ith o u t any p ro p e r assessm ent o f the  n a tu re  o f the  
u se rs ' need fo r  th a t, o r  o th e r, know ledge. (N everthe less, th e re  are  
excep tions such as the  s tre s s  on d e te rm in in g  u s e rs ' needs in  th e  w o rk  o f 
M itta l and Dym, 1985.) The p reoccupa tion  w ith  e x p e rt know ledge a t the  
expense o f use r requ ire m en ts  is  a key d is t in g u is h in g  fe a tu re  between e x p e rt 
system s methods and the  m ethods em ployed fo r  conven tiona l so ftw a re  
deve lopm ent. In  the  la t te r  i t  is  th e  bus iness , in c lu d in g  user, needs th a t 
d r iv e  the  process ra th e r  than  th e  a v a ila b il ity  o f  "kn o w le d g e ".
Perhaps th e  emphasis on "e x p e rt p u s h " ra th e r  th a n  "u s e r  p u l l"  is  one o f 
th e  c o n tr ib u to ry  fa c to rs  to  the  poor take  up o f e x p e r t system s techno logy . 
I t  is  no use m aking th e  most e legan t and c le v e r  e x p e r t system  m an ifes ta tion  
o f an e x p e rt 's  know ledge i f  th e re  is  no bus iness  need fo r  the  know ledge to  
be so d e live re d .
Thus we su g g e s t i t  is  a p rim e re s p o n s ib ility  o f  th e  e x p e rt system  b u ild e r, 
pe rha ps  even be fo re  he o r  she s ta r ts  to  s e r io u s ly  a c q u ire  e x p e rt know ledge, 
to  make a p ro p e r  assessm ent o f the  use r space  th a t  such know ledge is  
in te n d e d  to  f i l l .  Thus th e  "c o n te n t"  o f th e  know ledge  w h ich  an e x p e rt 
system  d e liv e rs  shou ld  match the  use rs ' a c tua l need fo r  know ledge ra th e r
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than , as is  o fte n  the  case, ju s t  be ing  a re p lica tio n  o f th e  to ta l know ledge 
a cq u ire d  from  the  expe rt.
F u r th e r ,  an e x p e rt is  recogn ised  b y  h is  ta sk  competence, no t as a re s u lt  o f 
h is  competence to  a r t ic u la te  h is  know ledge in  a co n ve n ie n t fo rm  to  a less 
experienced person. J u s t because an e x p e rt is  the  cus tod ian  o f use fu l 
know ledge th e re  is  no gua ra n te e  th a t  he can d e liv e r  such know ledge in  ju s t  
the  way th a t w ill most a b ly  a ss is t th e  novice. As w ith  so many o th e r 
te a c h e r /p u p il s itu a tio n s , th e  d e liv e ry  s ty le  o f th e  e x p e rt may no t match the  
re q u ire d  in p u t  o r  c o g n it iv e  s ty le  o f th e  novice. We do no t claim  to  have 
made a p ro p e r in v e s tig a tio n  to  c o n firm  the  d e s ira b il ity  o f m atch ing  the  
e x p e rt 's  s ty le  and u se r's  re q u ire m e n ts . In tu it iv e ly  we fee l th a t  such match 
is  d e s ira b le  b u t acknow ledge th a t th is  an area th a t  re q u ire s  p ro p e r 
in v e s tig a tio n . Th is  research  has re g re t fu l ly  no t a ffo rd e d  th e  o p p o r tu n ity  
fo r  th o rough ness  in  th is  respect.
I t  is  o u r  con ten tion  th a t e xp e rts  can u sua lly  be re lie d  on to  o f fe r  the  
c o n te n t o f the  know ledge (s u b je c t to  th e  "u s e r  need" comments above) and 
th a t users can be la rg e ly  re lie d  upon to  advise  upon th e  s ty le  in  w h ich 
th e y  re q u ire  know ledge to  be d e liv e re d  to  them. For in s tan ce , in  Pensions 
Management, users w ere v e ry  c lea r on th e ir  re q u ire m e n ts  even i f  these 
req u ire m e n ts  were o ften  a r tic u la te d  in  term s o f w ha t was w rong  w ith  the  
s ty le  and know ledge d e liv e re d  by  Pensions O ffice r exp e rts .
In  v iew  o f the  co n te n t and s ty le  issues ju s t  ra ised we see a v e ry  d e fin ite  
need to  u n d e rta ke  some fo rm  o f "u s e r  know ledge a c q u is it io n " . (More 
p ro p e r ly  we are a c q u ir in g  th e  u se r 's  need fo r  know ledge and th e  s ty le  in  
w h ich  i t  shou ld  be d e liv e re d  to  them .) As o u r commercial e x p e rt system  
w o rk  has p rogressed , and become more successfu l, we have con firm ed  th is
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need and th e  p ra c tica l advantages o f use r know ledge a c q u is itio n . A system  
th a t  answ ers a w e ll-de te rm ined  and p re -s p e c if ie d  need in  the  use r 
com m un ity  is  much more lik e ly  to  be accepted than  one th a t  ju s t  o ffe rs  a 
c le v e r  b u t, a t w o rs t, g ra tu ito u s  d e liv e ry  o f th e  e x p e rt 's  know ledge.
To em phasise th is  p o in t i t  is  now common fo r  us in  o u r  com mercial w o rk  to  
spend up to  40% o f o u r know ledge a c q u is itio n  tim e a lloca tion  on use r 
know ledge a cq u is itio n .
U su a lly  i t  is  fa ir ly  easy to  id e n t ify  th e  e x p e rt o r  e x p e rts  who w ill 
c o n tr ib u te  to  the  con ten t o f an e x p e rt system . However, in  a one to  many 
s itu a t io n , th e  num ber o f p o ten tia l use rs  w ill g re a t ly  exceed th e  num ber o f 
e x p e rts . F o r th is  reason th e re  m ust be se lec tion  o f a re p re s e n ta tiv e  se t o f 
p o te n tia l users.
For in s ta n c e  in  Pensions Management i t  soon became ob v io u s  th a t both  
Pensions O ffic e rs  (local "e x p e rts "  needing th e  s u p p o r t  o f th e  key Pension 
Scheme e x p e rts ) and p e rson ne l/pen s ion s  c le rk s  (c le r ic a l s ta f f  w ith  o n ly  
ru d im e n ta ry  pensions know ledge) w ould  be re q u ire d  to  use th e  even tua l 
e x p e rt system . In  these cases th e  use r g ro u p s  d i f f e r  in  th e ir  le ve l o f 
p re -e x is t in g  know ledge and fa m ilia r ity  w ith  domain language (ie  
"b u z z w o rd s ")  and concepts. D is tin c t d iffe re n c e s  in  th e  le ve l o f know ledge 
o f d i f fe re n t  e x p e rt system s use r g ro u p s  (o fte n  c o rre s p o n d in g  to  d if fe re n t  
s ta f f  g rade s) are  now in c re a s in g ly  recogn ised . The e ve n tu a l use r panel fo r  
Pensions Management th e re fo re  cons is ted  o f th re e  Pensions O ffice rs  (o f 
d i f fe r in g  experience), two pensions c le rk s  (o f d i f fe re n t  s e n io r ity )  and a 
pe rson ne l c le rk  who rep resen ted  occasional " lo w - le v e l"  p o te n tia l users  o f the  
system .
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A usual minimum f ig u re  o f th re e  p o te n tia l use rs  is  based on a p ragm atic  
com prom ise between the  need to  g ive  some s o r t  o f re p re s e n ta tio n  to  
d i f fe re n t  u se r s ty le s  and the  need to  m ainta in the  cos t o f u s e r know ledge 
a c q u is itio n .
User know ledge a cq u is itio n  u su a lly  lags beh ind  the  a c q u is it io n  o f e x p e rt 
know ledge and is  bes t conducted in  pa ra lle l to  the  la te r  a n a ly t ic a l stages
o f e x p e rt know ledge a cq u is itio n . In  KADS th e  use rs ' needs a re  p a r t ia l ly
covered  b y  th e  Model o f Cooperation a ltho ugh  we su sp e c t th a t  th is  may 
u s u a lly  be based on the  e x p e rt's  v iew  o f w hat users  need ra th e r  than  th e ir  
own expressed requ irem en ts .
In  a ll cases an assum ption is  made th a t users  can so lve  some o f th e  easy 
cases b u t  m ust c o n s u lt o r  re fe r  the  problem  e n t ire ly  to  m ore experienced 
co lleagues (ie  th e  e x p e rt o r  h is  imm ediate co lleagues) to  re s o lv e  a ll o r  some 
o f th e  d i f f ic u l t  cases. There  is  th u s  a key re q u ire m e n t to  no te  th e  po in ts  
o f access to  the  se n io r e xpe rt, the  ty p e  o f adv ice  s o u g h t ( ie  th e  use r's  
need) and th e  fo rm  o f the  response from  th e  e xp e rt.
By c o n d u c tin g  such ana lys is  in  the  "hum an e x p e rt"  s itu a t io n , p r io r  to  the  
in tro d u c tio n  o f an e x p e rt system, i t  is  poss ib le  to  c la s s ify  u se rs  in to  two 
app rox im a te  ca tegories , "co n s u lta tio n  u se rs " and " r e fe r  to  e x p e r t  use rs ". 
In  th e  cases o f "c o n s u lta tio n  u se rs " the  ty p e  o f adv ice  s o u g h t may be a 
s p e c ific  c lue  o r  in s tru c t io n  on how to  p roceed  o r  com plete g u id a n ce  on how
to  so lve  th e  prob lem  to  its  end.
A lte rn a tiv e ly ,  and in  the  m a jo r ity  o f cases, th e  " r e fe r  to  e x p e r t  u se rs " 
re q u ire  th a t  d i f f ic u l t  cases are  com ple te ly re fe rre d  to  human e x p e rts  who 
take  o v e r th e  cases and complete them th ro u g h  to  com p le tion . In  such
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cases th e  use rs  are  o fte n  o n ly  le f t  to  close th e  p a p e rw o rk , in  c le r ic a l ta sks  
such as L ife  U n d e rw r it in g , o r  d ispa tch  re p a ire d  equ ipm en t, as in  th e  case 
o f Benchtop E lec tron ic  D iagnosis.
Thus, fo r  c la r if ic a tio n , some users o f e x p e rt system s w ill have n e v e r even 
a ttem pted  to  u n d e rta ke  th e  tasks fo r  w h ich  th e  e x p e rt system  w ill s u p p o r t  
them. U su a lly  th e y  ju s t  re fe r  such " d i f f ic u l t "  cases to  a m ore s e n io r 
colleague. However, when supp o rted  by  th e  e x p e rt system , th e y  w ill have 
to  c a r ry  th e  case th ro u g h  to  com pletion and, s ince  th e y  w ill be " tre a d in g  
new g ro u n d " ,  th is  im poses a v e ry  p a r t ic u la r  re q u ire m e n t on th e  e x p e rt 
system .
S p e c ific  Techn ique : P ro to tv p in g  to  Assess U se r R equ irem ents and Acceptance r
R e g re tfu lly  th e  use r popu la tion  is  in v a r ia b ly  unab le  to  d e fin e  w h a t {a n d  
how) i t  needs to  know. E xp e rt systems a re  s t i l l  re la t iv e ly  new and Users 
have l i t t le  expe rience  on w h ich to  base th e ir  re q u ire m e n ts . T h is  is  in  
m arked c o n tra s t to  conven tiona l com puter system s w here  "n o n -c o m p u tin g "  
use rs  have become re la t iv e ly  soph is tica ted  in  th e ir  re q u ire m e n ts . U sers o f 
system s ra n g in g  from  sim ple spreadsheets to  m a jo r in te ra c t iv e  bus iness 
system s now o fte n  have s u f f ic ie n t  experience o f e x is tin g  com parab le  system s 
to  q u ite  c le a r ly  d e fin e  th e ir  needs. However, f o r  th e  c la r if ic a t io n  o f e x p e rt 
system  u se r requ ire m en ts , i t  is  usua lly  necessary  to  re s o r t  to  some fo rm  o f 
p ro to ty p in g .
S tru c tu ra l p ro to ty p in g  is  used to  de fin e  th e  bes t o v e ra ll p lan  o f the  
d e liv e re d  system . For ins tance , in  the  case o f Small Business Guidance i t  
soon became obv ious  th a t  p o ten tia l users, who w ere  u s u a lly  ow ne r-m ana ge rs
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o f small businesses, w ould no t to le ra te  a lo ng  e xh a u s tiv e  p re lim in a ry  
fa c t - f in d in g  d ia logue  on th e ir  business.
In s te a d  th e y  w ished to  p ro v id e  basic de ta ils  and th e n  ra p id ly  e n te r  an 
in te ra c t iv e  d ia g n o s tic  on s p e c ific  b u s in ess  problem s. The end re s u lt  was 
the  same because the  in te ra c t iv e  d ia g n o s tic  a c tu a lly  re q u ire d  th e  use r to  
p ro v id e  th e  same core fa c tu a l in fo rm a tio n  bu t, because i t  was in te rs p e rs e d  
w ith  use r feedback, the  users would to le ra te  i t s  re q u e s t.
However, consensus on use r requ ire m en ts  is  no t a lw ays easy to  reach w here 
th e  u s e r popu la tion  is  a t th e  more experienced end o f th e  spec trum . In  
ta sks  such as A u d it  Work P lann ing , M u ltin a tio n a l Tax P lann ing  and Pensions 
Management we have had cons ide rab le  debate a t th is  s tage  w here 
"n e a r-e x p e rts "  (o r  expe rts  no t se lected fo r  know ledge a c q u is it io n )  have 
a rg u e d  w ith  th e  con ten t o f th e  know ledge p ro v id e d  b y  th e  nom inated 
e xp e rts . In  these cases th e  issue re a lly  is  one o f c o rp o ra te  cho ice  o f the  
know ledge to  be o ffe re d  by  the  system. I t  may be th a t  e q u a lly  
we ll-esteem ed a u d ito rs  o r  tax  p ra c t it io n e rs  o r  pensions e x p e rts  can a c tu a lly  
d e r iv e  and o f fe r  th e ir  adv ice  in  com ple te ly d i f fe re n t  ways. An e x p e rt 
system  can u s u a lly  adop t o n ly  a s in g le  s ty le  o f o p e ra tio n  and, in  such 
cases, th e re  m ust be a c lea r means o f re so lv in g  these  issues  a t a sen io r 
le ve l w ith  th e  system  sponsor.
U ser in te r fa c e  p ro to ty p in g  is  a rg u a b ly  the  mpst im p o r ta n t p a r t  o f user 
know ledge a c q u is itio n . The use r in te r fa c e  is  the  o n ly  p a r t  o f an e x p e rt 
system  (o r  any o th e r  com pute r p rog ram ) seen by  use rs  and th e  a c c e p ta b ility  
o f th e  o v e ra ll system  w ill o fte n  be ju d g e d  on use r in te r fa c e  issues. Smith 
& M osier (1986) p ro v id e s  a use fu l and com prehensive  se t o f g u id e lin e s  fo r  
u se r in te r fa c e  des ign .
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P ro to ty p in g  is  most s tro n g ly  e v id e n t here  as i t  is  bo th  th e  q u ic k e s t and 
most d ire c t  w ay o f de te rm in in g  use r needs. U ser in te r fa c e  p ro to ty p in g  can 
be u n d e rta k e n  in  iso la tio n  from  th e  re s t o f th e  system  des ign  and 
im p lem en ta tion . For in s tan ce  in  A u d it W ork P lann ing , w h ich  was e v e n tu a lly  
im plem ented us in g  an in -h o u se  p ro p r ie ta ry  she ll, th e  u se r in te r fa c e  was 
in i t ia l ly  p ro to ty p e d  us ing  ju s t  a fa s t screen p a in te r  too l. Such methods 
fo llo w  the  gene ra l ideas expounded in  B r ic k lin  (1986).
By ch a in in g  to g e th e r a series o f to ta lly  n o n - in te ra c t iv e  screens  i t  was 
poss ib le  to  f u l ly  s im u la te  a p a r t ic u la r  a u d it  p la n n in g  sequence m ere ly  by  
h it t in g  the  "R e tu rn "  key. This s im ple measure, w e ll in  advance o f the  
f in a lis a tio n  o r  im plem entation o f the  know ledge base, enab led  p o te n tia l users 
to  o f fe r  many comments on the  re q u ire d  appearance o f th e  system . S im ila rly  
fo r  M u ltin a tio n a l Tax P lann ing the  appearance o f th e  in te ra c t iv e  balance 
sheets was p ro to ty p e d  w ell before  th e  complex ta s k  o f  a c tu a lly  im p lem en ting  
them  was u n d e rta ke n .
A n o th e r im p o r ta n t u s e r requ ire m en t conce rns  th e  fo rm  o f a n y  re p o r ts  
p rodu ced  b y  th e  system . In  the  case o f L ife  U n d e rw r it in g  th e  system  
p rodu ced  screen re p o r ts  fo r  o th e r use rs  o f the  m ain fram e hosted system . 
Such re p o r ts  had to be p rec ise ly  in  th e  same fo rm a t as re p o r ts  genera ted  
b y  a human u n d e rw r ite r .  Even more s t r in g e n t  was th e  u s e r re q u ire m e n t fo r  
A u d it  W ork P lann ing  w here  the  actua l a u d it  p lans had to  be on id e n tic a l 
pa p e r and la s e r  p r in te d  to be s im ila r to  th e  p r in te d  "m a n u a l" a u d it  p la n n in g  
fo rm s used p re v io u s ly . I t  was on ly  b y  th is  rou te , and b y  a llo w in g  fo r  the  
system  genera ted  a u d it p lans to be hand s igned , th a t  a u d it  s ta f f  w ould 
accep t them as a u th o r ita t iv e .
The reports fo r  Business Performance Assessment had to be of a similar
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q u a lity  to  those  p re p a re d  m anually since th e y  were to  be su b m itte d  fo r  
M in is te r ia l comment. As de ta iled  in  C hapter 3 th e y  w e re  s u f f ic ie n t ly  good 
to  be con fused  w ith  th e  m anually p repa red  re p o rts .
S p e c ific  T echn iques: Knowledge C aptu re
In  o u r  in it ia l com mercial w o rk  we adopted the  p ro c e d u re  o f c o lle c tin g , 
t ra n s c r ib in g  and a n a lyz in g  com plete t ra n s c r ip ts  from  know ledge  a c q u is itio n  
in te rv ie w s . T h is , o f course, had been the  p re fe r re d  m ethod o f most 
c o g n it iv e  p s y c h o lo g is ts  and seemed "c o r re c t"  fo r  o u r  in v e s tig a t io n s . "
N everthe less, as o u r  w o rk  expanded, we soon rea lised  th a t  th e  p rocess o f 
p re p a r in g  and a n a lyz in g  com plete tra n s c r ip ts  was o v e r- la b o r io u s  and 
in e f f ic ie n t  fo r  la rg e  segm ents o f th e  in v e s tig a tio n  o f th e  v a r io u s  tasks . 
A c c o rd in g ly , we adopted a more p ragm atic  regim e fo r  th e  c a p tu re  and 
subse quen t p ro ce ss in g  o f e lic ite d  know ledge. Such s u b se q u e n t p ro ce ss in g  
in v a r ia b ly  d id  n o t in v o lv e  the  p ro d u c tio n  o f e ith e r  p ro to co l o r  in te rv ie w  
tra n s c r ip ts  and, in  main, system s were b u ilt  on th e  bas is  o f know ledge 
d ire c t ly  " t ra n s c r ib e d "  from  audio o r  v ideo tapes.
In  a ll cases i t  is  now o u r ru le  to  make a com plete aud io  re c o rd  o f a ll 
know ledge a c q u is itio n  sessions. Able colleagues have sometimes abandoned 
th is  p ra c tic e  and, fo r  th e  s k ilfu l ta k e r  o f le g ib le  notes, th e r e  is  s t i l l  some 
ju s t i f ic a t io n  fo r  m aking d ire c t notes o f an in te rv ie w .
However, in  o u r  case, we have always found  th a t the  ac tua l bus iness  o f 
c o n d u c tin g  th e  in te rv ie w  to  be s u ff ic ie n t ly  d i f f ic u l t  so as to  leave  l i t t le  
ca p a c ity  fo r  m aking  a com petent reco rd . Also, w he re  co lleagues have
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p re p a re d  d ire c t  notes, know ledge a c q u is itio n  has been ra th e r  more 
p ro tra c te d  and, in  some cases, e r ro rs  and om issions have become noticeab le .
Video re c o rd in g  has been used to  supp lem ent aud io  re c o rd in g  on a num ber 
o f cases. I t  Is a lw ays ra th e r  more in tru s iv e  than  aud io  re c o rd in g  and we 
now o n ly  em ploy i t  f o r  ta sks  w here  we know  th a t  i t  w ill be p o s it iv e ly  
use fu l. In  p a r t ic u la r ,  v ideo  re c o rd in g  was used d u r in g  p a r ts  o f the  
in v e s tig a tio n s  o f B enchtop E le c tro n ic  D iagnosis, A u d it W ork P lann ing , 
M u ltin a tio n a l Tax P lann ing  and Eurobond W a rra n t T ra d in g . O ur usage is  
s im ila r to  th a t  o f Dym (1987) who recommends th a t  c e rta in  ta sks  a re  best 
in v e s tig a te d  by  ask in g  th e  e x p e rt to  p e rfo rm  th e  ta sk , u su a lly  in  f r o n t  o f 
a v ideo  camera, ra th e r  th a n  d esc rib e  it .
Video re c o rd in g  is  p a r t ic u la r ly  use fu l fo r  ta sks  w he re  the  e x p e rts  use w hat 
we re fe r  to  as " f in g e r th in k in g " .  In  such ta s k s  an e x p e rt w ill u sua lly  
exp la in  h is  reason ing  b y  tra c in g  h is  f in g e r  o v e r  a d iagram , c h a r t  o r  "p a p e r 
sp re a d sh e e t". Thus, fo r  in s tance , th e  e le c tro n ic  d ia g n o s tic ia n s  th a t  we have 
enco un te red  in v a r ia b ly  exp la in  th e ir  c ir c u it  te s t in g  and a n a lys is  us ing  a 
c ir c u i t  d iagram . " I f  th is  com ponent X is  d e fe c tiv e  then  an abnorm al c u r re n t  
w ill f lo w  in  th is  d ire c tio n  and can be detected  a t th is  p o in t Y " is  ty p ic a l o f 
th e  rem ark  th a t w ill be accom panied by  a tra c in g  o f th e  c u r re n t  pa th  by  a 
m oving f in g e r .
S im ila rly , fin a n c ia l "ba lance  shee t th in k e rs "  (eg ta x  and a u d it sp e c ia lis ts ) 
w ill u su a lly  w ant to  i l lu s t ra te  com parisons and ra tio s  by  d ire c t p o in t in g  to  
fa m ilia r  c r it ic a l areas o f th e  balance sheet. We su g g e s t th a t such  p rops, 
such as c ir c u it  d iagram s and balance sheets, a re  key  o rg a n is in g  dev ices  fo r  
th e  e xp e rts  and i t  is  m ere ly  a secondary  b u t u s e fu l c h a ra c te r is t ic  th a t  th e y  
a re  used fo r  exp lana tion . T h e ir  main purpose  is  as "p rob lem  s o lv in g  p ro p s ",
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as d iscussed  above, to  d ire c t ly  ass is t the  expe rts  in  th e ir  p rob lem  so lv in g .
I t  has been fo u n d  th a t v ideo re co rd in g  is  best u n d e rta ke n  w ith  th e  camera 
in  one o f tw o po s itio n s , " to p -d o w n " o r  "o v e r - th e -s h o u ld e r" .  In  bo th  cases 
th e  camera is  d ire c te d  a t the  w ork  area and, in  p a r t ic u la r ,  n e v e r is  d ire c te d  
in to  th e  faces o f th e  e xpe rt. The top -dow n pos ition  is  most s u ita b le  fo r  
v ie w in g  c ir c u it  d iagram s o r  sheets o f f ig u re s  e tc  w h ich  a re  p laced  in  the  
" b lo t te r  a rea" o f th e  desk o r  bench a t w h ich the  s u b je c t w o rks . In  such 
c ircum sta nces  i t  is  u su a lly  possib le  to  m ount the  camera t r ip o d  a t th e  back 
o f th e  e x p e rt 's  desk o r  bench w ith  the  camera p o in t in g  m o re -o r- le s s  
v e r t ic a lly  dow nw ard . The resea rche r can then s it  to  one s ide  o f th e  e x p e rt 
to  co n d u c t th e  in te rv ie w  w ith  the  e x p e rt who can " f in g e r th in k "  across th e  
docum ents im m edia te ly  in  f r o n t  o f him.
The o v e r - th e -s h o u ld e r  camera pos ition  is  used in  the  w o rkb e n ch  s itu a tio n  
w h e re  the  e x p e rt is  p o in tin g  to  in s tru m e n ts , and th e  u n it  u n d e r te s t,  o v e r 
a "b e n c h to p  panoram a". In  th is  case the  re sea rche r can a c tu a lly  s tand  in  
f r o n t  and to  one s ide  o f the  camera and cond uc t the  in te rv ie w  a t th e  same 
tim e as pann ing  th e  camera from  one area o f the  bench to  a n o th e r. A v ideo  
cam era w ith  au tom atic  focus  and a fo rw a rd  fa c in g  pan hand le  a re  re q u ire d  
fo r  th is  fo rm  o f ope ra tio n . A lthough  q u ite  d i f f ic u l t  in  te rm s o f m an ipu la tion  
th e  v is u a lly  a c q u ire d  de ta iled  know ledge can be cons ide rab le  in  a p p ro p r ia te  
cases.
S p e c ific  T echn ique : Knowledge A cq u is itio n  bv  Review
Knowledge a c q u is itio n  fo r  Eurobond W arran t T ra d in g  was u n d e rta k e n  in  a 
fo rm  th a t th e  a u th o r  re fe rs  to  as know ledge a c q u is itio n  "b y  re v ie w " . T h is
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fo rm  o f know ledge a c q u is itio n  is  s im ila r to  th a t  used fo r  a c q u ir in g  medical 
dec is ion  m aking know ledge as, fo r  example, El s te in , Schulm an & S p ra fk a  
(1978).
The re  are  many s im ila r it ie s  between the  normal w o rk in g  e n v iro n m e n ts  o f th e  
e x p e rts  fo r  Telecom Repair S e rv ice  and Eurobond W a rra n t T ra d in g . Both 
e x p e rts  w o rk  w ith  the  aid o f in fo rm a tio n  te chno logy  (com pu te rs  fo r  bo th  
tasks , te s t desks  fo r  Telecom Repair S e rv ice , in fo rm a tio n  feeds (eg R eute rs) 
fo r  E urobond W arran t T ra d in g ) and co n d u c t much o f th e ir  bus iness  b y  
te lephone.
However, a lth o u g h  the  Telecom Repair S e rv ice  e x p e rt was u n d e r p re s s u re  to  
d iagnose fa u lts , the  Eurobond W arran t T ra d in g  e x p e rt was in  a re a l- t im e  
s itu a tio n  w here  la rg e  sums o f money w ere in v o lv e d . As a re s u lt ,  a lth o u g h  
we cou ld  u n d e rta k e  "o n lin e "  know ledge a c q u is itio n  in  th e  ^w ork ing  
e n v iro n m e n t fo r  Telecom Repair S erv ice , th is  was n o t to le ra b le  fo r  E urobond 
W arran t T ra d in g . (The same s itu a tio n  app lies  fo r  c lin ic a l d ia g n o s tic ia n s  who 
a re  o fte n  in v o lv e d  in  re a l- t im e  li fe -o r -d e a th  decis ion m aking and w ill n o t 
to le ra te  in te r ru p t io n s .)  N everthe less, as w ith  Telecom R epair S e rv ice , th e  
use o f case p ro toco ls  and case -re la ted  examples appeared  to  o f fe r  a v e ry  
p ro d u c tiv e  m ethod o f know ledge a c q u is itio n . In  fa c t know ledge a c q u is itio n  
fo r  E urobond W arran t T ra d in g  w ith o u t access to  " l iv e  cases" d id  no t seem 
to  o f fe r  v e ry  good p ro sp e c ts  fo r  success.
C onsequently  i t  was necessary to  dev ise  a method o f know ledge a c q u is itio n  
th a t  was s e n s ib ly  n o n - in tru s iv e  in  th e  w o rk in g  e n v iro n m e n t y e t a llowed th e  
e xp e rim e n te r access to  th e  v e ry  r ic h  case m ateria l ava ilab le . Knowledge 
a c q u is itio n  " b y  re v ie w " was the  success fu l method dev ised . The core  idea  
o f know ledge a c q u is itio n  b y  rev iew  is  to  u n d e rta k e  a "p a s s iv e  v id eo
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c a p tu re "  o f as much as poss ib le  o f th e 'e x p e r t 's  w o rk in g  day and then  use 
th is  as a "p ro m p t"  fo r  o f f - l in e  know ledge acqu is itio n  in  th e  e ve n in g . In  th e  
casé o f the  E u robond W arran t T ra d in g  in v e s tig a tio n , w h ich  is  th e  sole 
in s tan ce  fo r  w h ich  we have used th is  method, a v ideo cam era was se t up 
"o v e r  the  s h o u ld e r"  o f th e  Eurobond T ra d e r 's  p o s itio n  be fo re  the  
commencement o f th e  T ra d e r 's  w o rk in g  day. A m icrophone was p laced on 
the  T ra d e r 's  desk w here  i t  cou ld  p ic k  up h is comments and h is  speech on 
th e  te lephone. I t  was no t connected in to  the  te lephone c ir c u i t  s ince  th is  
w ould have in v o lv e d  re c o rd in g  a c o u n te rp a rty 's  speech w ith o u t h is  
know ledge o r  perm iss ion .
A p a rt from  th e  occasional c iv i l i t y  and comment, the  e x p e rim e n te r d id  no t 
in tru d e  on th e  T ra d e r 's  a c t iv i ty  b u t  m ere ly ensured th a t  th e  camera was 
pos itioned  so as to  p ic k  up as much de ta il from  th e  sc reens  o f th e  
in fo rm a tio n  feeds and th e  PCs ru n n in g  spreadsheets and o th e r  dec is ion  a ids  
to  ass is t th e  T ra d e r. Both m orn ing  and a fte rnoon  sessions w e re  reco rded  
on tw o consecu tive  days.
Fo llow ing com ple tion o f th e  a fte rno on  sessions and a s h o r t  b re a k , th e  
expe rim e n te r conducted  a know ledge a cq u is itio n  session w ith  th e  T ra d e r 
exp e rt. These sessions, w h ich  las ted  severa l hou rs, w e re  he ld  in  a 
com fo rtab le  con fe rence  room w ith  re freshm en ts  away from  th e  norm al t ra d in g  
env ironm en t. A la rg e  TV m on ito r was se t up to  view th e  v id e o -re c o rd in g  
o f th e  same d a y 's  session. An aud io  tape reco rd er was also se t up to  
ca p tu re  the  re v ie w  session speech o f bo th  e x p e rt and e x p e rim e n te r to g e th e r 
w ith  th a t o f th e  v id eo  segm ents. The v ideo tape was p la ye d  in  segm ents 
and was " in te r ru p te d "  (as in  th e  "o n lin e "  case o f Telecom R epa ir S e rv ice ) 
bo th  between n a tu ra l t ra d in g  sequences and also w here th e  e xp e rim e n te r 
needed to ask que s tions . Such ques tions  and answers were, o f course , fu l ly
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aud io  reco rded
T yp ica l examples o f the  ques tions  and responses p rom pted  b y  th e  ongo ing
v ideo  sequence are:
1. E: Why d id  you ra ise  y o u r  p r ic e  a t th a t  p o in t?
S: I  had had severa l separa te  p r ic e  e n q u ir ie s  from  Japanese banks
d u r in g  the  m orn ing  and th o u g h t som eth ing  m ust be "on  th e  
move".
2. E: Why d id  you ask him (a c o u n te rp a r ty )  fo r  a p r ic e  on th a t
w a rra n t?
S: I  have no t tra d e d  th a t one fo r  n e a rly  a fo r tn ig h t  and I  fee l my
Own p r ic e  may be to  h ig h . A lso I  was w o rr ie d  th a t I  then  had 
too many o f those w a rra n ts  and o u g h t to  ge t r id  o f them.
E: And w hy a re  you w o rr ie d  abou t th a t  w a rra n t?
S: I ts  p r ic e  a lw ays ru n s  p a ra lle l to  XYZ w a rra n t and th a t was
be ing  o ffe re d  a t a much lo w e r p r ic e  th is  m orn ing . So I  shou ld  
lessen my exposure  b y  decreas ing  my ho ld ing .
3. E: What w ere you th in k in g  then?
8: Well, I  was lo s in g  money ra p id ly  so I  decided th a t  th e  sa fes t
th in g  was to  do n o th in g  and hope th a t  the  m a rke t would 
re co ve r la te r  in  the  a fte rn o o n  -  w h ich  i t  d id !
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Q uestions such as those above p ro v id e  pow erfu l in s ig h ts  in to  th e  e x p e rt 's  
be lie fs  and reason ing . Such in s ig h ts  cou ld  not have been d ire c t ly  a cq u ire d  
d u r in g  th e  w o rk in g  day. P rov ided  th e  review  session is  he ld s h o r t ly  a f te r  
th e  reco rded  session th e n  th e  e x p e rt can remember th e  co n ce rn s  and 
hypo theses th a t  w ere a c tu a lly  c u r re n t  a t the tim e th e  v id eo  sequence was 
reco rded . As a re s u lt,  coup led  w ith  th e  a b ility  to  pass o v e r  u n in te re s t in g  
sequences o r  "s to p  the  d a y "  a t po in ts  o f in te re s t, know ledge a c q u is it io n  b y  
re v ie w  p ro v id e s  an equa l i f  no t more pow erfu l m ethod than  p ro to co l 
co lle c tio n  o r  in te rv ie w  in  th e  w o rk in g  env ironm ent.
A lth o u g h  E urobond W a rra n t T ra d in g  d id  not re s u lt  in  an e x p e rt system s 
im p lem enta tion , th e  expe rience  gained in  know ledge a c q u is itio n  b y  re v ie w  
was v e ry  w o rth w h ile . The tech n iq u e  is  easy and no t s tre s s fu l o r  in t r u s iv e  
to  th e  e xp e rt. The v ideo  reco rd  is  a pow erfu l p rom p t to  th e  e x p e rt  and 
enables him o r  h e r to  p ro v id e  a v e ry  r ich  source  o f know ledge  w ith  
minimum e x tra  tim e in p u t  to  th e  in v e s tig a tio n .
"P e rce p tu a l Know ledge"
The p re v io u s  section  d e a lt w ith  the  acqu is ition  o f know ledge fo r  E urobond 
W a rra n t T ra d in g . T h is  m ethod was successfu l b u t we e n co un te red  occasiona l 
in s tan ces  o f w h a t appeared to  be "p e rce p tu a l know ledge". O ur use o f th e  
te rm  "p e rc e p tu a l know ledge" seems to  be s im ila r .to  the  know ledge  o f chess 
p la y e rs  who "re c o g n is e " boa rd  c o n fig u ra tio n s  as re p o rte d  in  Chase & Simon 
(1973). "P e rce p tu a l know ledge" may also be an example o f w h a t D re y fu s  and 
D re y fu s  (1986) ca ll "a r ra tio n a l know ledge". They claim th e  h ig h e s t o f f iv e  
stages o f s k il l  a c q u is itio n  is  "E x p e rtis e " and th a t, ra th e r  th a n  be ing  
"c a lc u la tiv e  p rob lem  s o lv in g " ,  i t  " in v o lv e s  c r it ic a l ly  re f le c t in g  on one 's
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in tu it io n s " .  D re y fu s  and D rey fus  c ite  re fe re n ce s  to  e x p e rt X - ra y  
in te rp re ta tio n , chess m asters and a ir l in e  p ilo ts  in  s u p p o r t o f th e ir  
a rgum ents in  fa v o u r  o f a rra tio n a l know ledge. T h e irs  is  a c o n tro v e rs ia l area 
and we w ould hes ita te  to  engage i t .  However, we cann o t ig n o re  w h a t we 
te rm  "p e rc e p tu a l know ledge" and, a p a rt fro m  E urobond W arran t T ra d in g , we 
be lieve  th a t i t  is  a c tu a lly  more common in  o th e r  t ra d in g  env iro nm en ts  such 
as Fore ign Exchange ( "F X " )  T ra d in g .
T h is  section is  p re p a re d  on the  ra th e r  lim ite d  in v e s tig a t io n  o f Eurobond 
W arran t T ra d in g  b u t  a lso b u ild s  upon co n s id e ra b le  d iscuss ions  w ith  
colleagues concerned w ith  the  d if f ic u lt ie s  o f a c q u ir in g  FX and s im ila r  
know ledge.
FX T rade rs  have g re a t d i f f ic u l ty  in  a r t ic u la t in g  th e ir  know ledge and, i f  
asked to  ju s t i f y  an ac tion , p u t i t  down to  "e x p e rie n c e " o r  "g u t  fe e l"  e tc . 
I t  is  o u r suggestion  th a t  th e  know ledge o f such e xp e rts , a ltho ugh  o r ig in a l ly  
ava ilab le  fo r  in tro s p e c tio n  and a c q u is itio n , has a c tu a lly  become "co m p ile d " 
so as to  be a fo rm  o f "p e rc e p tu a l know ledge". Thus tra d e rs  " re c o g n is e " a 
s itu a tio n  on th e ir  R eute rs FX screens and a c t upon th a t  " re c o g n it io n " .
A lthough  know ledge a c q u is itio n  from  FX T ra d e rs  and s im ila r  exp e rts  is  v e ry  
d i f f ic u l t ,  the  p o te n tia l re s u lta n t system  re w a rd s  a re  v e ry  h igh . We s u g g e s t 
th a t techn iques  such as in d u c t iv e  know ledge a c q u is itio n  m igh t be used in  
such cases w here  know ledge cannot be a cq u ire d  d ire c t ly .  In d u c t iv e  
know ledge a c q u is itio n , and rou tes  to  in c re a s in g  its  u t i l i t y ,  is  d iscussed in  
th e  next section .
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S p ec ific  Techniques: In d u c t iv e  Knowledge A cq u is ition
E xp e rt system s in d u c tio n  too ls  have a lo n g , b u t no t v e ry  su cce ss fu l, h is to ry  
o f app lica tion  to  c la ss ifica tio n  prob lem s. Much e x p e rt dec is ion  m aking can 
be seen as a process o f c la s s ific a tio n  and, as a re s u lt ,  th e  usage o f 
in d u c tio n  is  o fte n  proposed as a q u ic k  and e ffe c tiv e  means o f know ledge 
a cq u is itio n  based on th e  e xp lo ita tio n  o f e x is tin g  decision data . The seminal 
w o rk  o f M icha lsk i and C h ilausky  (1980) on soyabean d isease c la s s if ic a tio n  is  
th e  basis fo r  th e  enthusiasm  o f many in d u c tio n is ts .
In  c o n ju n c tio n  w ith  h is  commercial w o rk , the  a u th o r has had th e  o p p o r tu n ity  
to  make some use fu l in v e s tig a tio n s  in to  the  u t i l i t y  o f in d u c tio n  too ls  and 
m ethods and, s ince th e y  a p p ly  more g e n e ra lly , the  re s u lts  a re  re p o rte d  
here. ‘
In d u c tio n  too ls a re  claimed to  have some o f the  fo llo w in g  b e n e fits  fo r  e x p e rt 
system s co n s tru c tio n :
1) They enable e x is tin g  know ledge eng ine e rs  to b u ild  success fu l e x p e rt 
system s fa s te r  than  by  "m anua l" know ledge a c q u is itio n .
2) They enable less s k ille d  know ledge eng ineers  (o r  e x is tin g  system s 
ana lys ts  e tc ) to  b u ild  success fu l e x p e rt system s to  th e  s ta n d a rd  o f 
s k ille d  know ledge eng ineers .
3) They enable e x is tin g  re c o rd s  o f e xp e rt dec is ion  m aking (ie  
c la ss ifica tio n  data) to  be exp lo ite d  to  b u ild  an e x p e rt system  w ith o u t 
th e  co -ope ra tio n  o f human e xp e rts .
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4) They q u ic k ly  in tr ig u e  and ca p tu re  th e  im ag ina tio n  o f commercial 
sponsors  and expe rts  who w ould o th e rw ise  n o t be in te re s te d  in  e x p e rt 
system s.
5) They p ro v id e  a q u ic k  and e ffe c tiv e  p r o to ty p in g  medium to  ca p tu re  th e  
core  know ledge fo r  system s to  be f in a l ly  com ple ted b y  conven tiona l 
e x p e rt system s methods.
C u rre n t ly ,  most research and commercial a p p lic a tio n s  o f  in d u c tio n  methods 
and too ls  seem to  employ th e  usage re fe r re d  to  in  (3) above, ie  th e  
e x p lo ita tio n  o f e x is tin g  data  on e x p e rt dec is ion  m aking . However, many 
p o te n tia l (and o ften  v e ry  e n th u s ia s tic )  use rs  o f in d u c tio n  too ls  d isco ve r 
th a t, in  re a lity ,  i t  is  v e ry  d i f f ic u l t  to  f in d  good exam ples o f su ita b le  data  
to  be u s e fu lly  analyzed. A ll in d u c tio n  too ls come w ith  in te re s t in g  h is to r ic a l 
da ta  se ts  (u s u a lly  in c lu d in g  the  c lassic soya beans example from  M icha lsk i 
and C h ilausk i (1980) to  dem onstra te  the  u t i l i t y  o f  th e  too ls. N everthe less, 
in  p ra c tice , use rs  a c tu a lly  f in d  few  w o rth w h ile  exam ples o f use fu l data  in  
th e ir  own companies on w h ich  to  use the  too ls .
As a re s u lt, w ith o u t the  ready  a v a ila b ility  o f good exam ples o f ta b u la r  data, 
th e  vend o rs  o f te ch n ica lly  exce llen t in d u c t io n  p ro d u c ts  have faced 
com mercial fa ilu re  in  se llin g  th e ir  p ro d u c ts .
N everthe less, we su g g es t th a t  th e  usage a n tic ip a te d  in  (3) above re p re se n ts  
a v e ry  la rg e  and va luab le  po te n tia l usage o f in d u c t io n  techno logy . Such 
usage is  a c tu a lly  feas ib le  p ro v id e d  the  d e f in it io n  o f "e x is tin g  re co rd s  o f 
e x p e rt decis ion m aking" can be m odified to  ta k e  in  d a ta  th a t  is  no t in  a 
neat ta b u la r  fo rm . This m a tte r is  cons idered  in  w h a t fo llow s.
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Knowledge can be a cq u ire d  d ire c t ly  from  expe rts  o r  in d u ce d  from  the  
accum ulated re s u lts  o f th e ir  w o rk . I t  was fo r  th e  la t te r  p u rpo se  th a t 
in d u c tio n  tools were o r ig in a l ly  in te n d e d . The deve lopers  o f such too ls  have 
seem ing ly expected th a t  th e  e x p e rt 's  dec is ions would be n e a tly  re co rded  in  
a ta b u la r  fo rm  o r  cou ld  be eas ily  t ra n s c r ib e d  from  w r it te n  re c o rd s  to  a 
sp readsheet o r  database b y  a sim ple c le r ic a l process.
However, most e x p e rt dec is ions are  n o t reco rded  in  such a neat fo rm . In  
many commercial ta sks  case data  is  reco rded  o r  accum ulated (eg as 
secondary  docum ents) in  pape r f ile s . Such case papers are  then  examined 
b y  th e  e xp e rt to  fo rm  th e  basis o f th e  decis ion. Once th e  dec is ion  (ie  
ca te g o risa tio n ) is  made th e  re s u lt  is  also reco rded  in  th e  case f ile .  Some 
ty p ic a l re a l- l ife  commercial examples ( in c lu d in g  examples from  th e  ta sks  
re p o rte d  in  C hapte r 3) are:
1) T rade c re d it  assessm ent
2) S ta ff  re c ru itm e n t and app ra isa l assessment
3) Business pe rfo rm ance  and loan app ra isa l
4) Research g ra n t a p p lica tio n s  and aw ards
5) Commercial Business U n d e rw r it in g
6) Perm anent Health In s u ra n ce
7) Fore ign Exchange Exposure
In  such cases i t  is  no t poss ib le  to  s im p ly  encode all u f the  co n te n ts  o f a ll 
o f the  file s  and in d u ce  ru le s  from  th e  re s u lt in g  mass o f data. The key 
d i f f ic u l ty  is  th a t the  e x p e rt may be v e ry  se lec tive  abo u t th e  use o f case 
data  and may use lo w -le v e l "d a ta  in te rp re ta t io n s "  th a t a re  n o t im m edia te ly  
obv ious . These po in ts  may be made c le a r by  th e  fo llo w in g  real examples:
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1) " Is  th e  c re d it  a p p lica tion  fo rm  f i l le d  in  n e a tly , u n t id i ly  o r  w ith  
average  care?"
Th is  example is  taken  from  th e  a u th o r 's  com m ercial w o rk  on T rade 
C re d it assessment. Once the  a t t r ib u te  and a llow ab le  va lues were 
id e n t if ie d  by  the  e x p e rt i t  was easy to  c o d ify  th e  "n e a tn e ss " a t t r ib u te  
on all the  app lica tion  fo rm s in to  one o f th re e  ca tego ries  ("n e a t" , 
" u n t id y "  and "a ve ra g e "). However i t  was n o t poss ib le  to  id e n t ify  th is  
a t tr ib u te ,  o r its  range  o f pe rm iss ib le  va lues, w ith o u t th e  adv ice  o f the  
e xpe rt. ( In  passing i t  is  w o rth y  o f note  th a t  th e  neatness o f the  
h a n d w rit in g  was a key in d ic a to r  used b y  th e  c re d it  c o n tro l e xpe rt. 
" I f  he f i l ls  in  the  fo rm  c a re fu lly  th e n  he w ill be c a re fu l w ith  the  
accoun ts". To th e  a u th o r 's  co n s id e ra b le  s u rp r is e , more " s c ie n t if ic "  
and "s ta t is t ic a l"  methods o f assessm ent took  second place to  th e  
h a n d w rit in g  te s t.)
2) "Does th e  l i fe  in su ra n ce  a p p lica n t p la y  ice  hockey, s k i o r  f ly  g lid e rs ? "
Th is  example is  taken  from  Perm anent Health In s u ra n c e  w here an 
u n d e rw r ite r  looked fo r  the  answ ers to  these  s im p le  q u e s tions  am idst 
a mass o f fre e  fo rm a t te x t on an a p p lic a tio n  fo rm . I t  was im possib le  
to  encode all the poss ib le  pe rm u ta tio n s  o f d e ta ils  on such a form  bu t, 
once th e  c r it ic a l da ta  item  was id e n t if ie d ,  i t  was a ro u tin e  ta sk  to  
c o d ify  the  ex is tin g  mass o f a p p lica tio n  fo rm s.
I f  we accept th a t much rea l l i fe  data  is  in  th e  above fo rm  we m ust conclude 
th a t  in d u c tio n  m ust be preceded by  a p rocess o f w h a t we te rm  "a t t r ib u te  
a c q u is it io n " . The need fo r  such a t t r ib u te  a c q u is itio n , f o r  w h ich  the  a u th o r 
has u n d e rta ke n  some experim enta l w o rk , is  exp la ined  as fo llow s.
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T id y  ta b u la r  dec is ion  data, w h ich is  a n tic ip a te d  b y  in d u c tio n  too ls  b u t  w h ich  
h a rd ly  e x is ts  in  rea l life ,  has the  a ttr ib u te s  and dec is ion  c la s s if ic a tio n s  
a lre a d y  id e n tif ie d .
Real l i fe  decis ion da ta  (w h ich  is  a b u n d a n t in  rea l l i fe )  re q u ire s  th e  c r it ic a l 
a t t r ib u te s  (and th e ir  a llow able va lues) to  be id e n t if ie d  o r  h ig h lig h te d  b y  the  
e x p e rt b e fo re  in d u c tio n  methods and too ls can be a p p lie d . A t t r ib u te  
a c q u is itio n  is  th u s  a key techn ique  to  enable  the  u s e fu l e xp lo ita tio n  o f 
in d u c t iv e  know ledge a cq u is itio n .
Where a t t r ib u te s  a re  a cqu ired  as a means o f c o d ify in g  e x is t in g  rea l l i fe  data  
(o r  as p a r t  o f ite ra t iv e  know ledge a c q u is itio n  as d e s c r ib e d  below), the  
te ch n iq u e s  used w ill d i f fe r  from  those used in  co n ve n tio n a l know ledge 
a c q u is itio n . In  th e  main a t t r ib u te  a c q u is itio n  is  a much "s h a llo w e r"  a c t iv ity  
than  know ledge a cq u is itio n . The p r im a ry  cha llenge is  to  id e n t ify  a t tr ib u te s  
b u t p re v e n t th e  process from  esca la ting  in to  fu l l  know ledge a c q u is itio n . I f  
such esca la tion  occu rs  th e re  is  a cons ide rab le  tem p ta tion  to  "m anua lly  b u ild "  
th e  re s u lta n t e x p e rt system . The p rocess also becomes hea vy  on e x p e rt and 
know ledge e n g in e e r tim e and commitment. I t  is , o f cou rse , to  avo id  such 
m anpower e f fo r t  th a t  in d u c tio n  is  o fte n  a ttem pted.
We have u n d e rta ke n  experim enta tion  w ith  techn iques  fo r  a t t r ib u te  a cq u is itio n  
b u t, a lth o u g h  p rom is ing , the  re s u lts  a re  no t s u f f ic ie n t ly  advanced fo r  
in c lu s io n  in  th is  thes is .
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4.4 PROBLEM SOLVING PROPS
In tro d u c tio n
P ro fess iona l and te ch n ica l s ta ff  in  commercial o rg a n is a tio n s  so lve  prob lem s 
on a ro u tin e  basis. Most o f the  "e x p e rts "  we have ob se rve d , bo th  as 
re p o rte d  here  and in  o u r  w id e r w o rk , so lve  th e ir  e v e ry d a y  w o rk  prob lem s 
w ith o u t undue  s tre s s  o r  p a in fu l "e x e rc is in g  o f ju d g e m e n t".
Ye t th e ir  a c t iv ity  is  n o t t r iv ia l  and cannot be u n d e rta k e n  by  laym en. They 
a re  e xp e rts , a t le a s t in  th e  eyes o f th e ir  co lleagues. However p a r t  o f th e ir  
p rob lem  s o lv in g  a d ro itn e s s  re s u lts  not so much from  th e ir  own know ledge 
b u t  from  th e  prob lem  so lv in g  "p ro p s " , o r  too ls , th a t  th e y  use in  th e ir  w o rk . 
(We sha ll use th e  te rm  "p ro p s "  ra th e r  than  " to o ls "  s ince  th is  la t t e r  w o rd  is  
used more commonly in  th is  thes is  to  re fe r  to  e x p e r t system s to o ls .)  These 
p ro p s  a re  e ith e r  p ro v id e d  by  th e ir  em ployer (as p a r t  o f th e  in s t itu t io n a lis e d  
prob lem  s o lv in g  fra m e w o rk ) o r  a re  evo lved  and used on a "cus tom  and 
p ra c tic e "  basis b y  th e  e xp e rts  them selves.
Most p rob lem  s o lv in g  p ro p s  serve  the  same pu rp o se . They a s s is t th e  e x p e rt 
to  re a d ily  cope w ith  th e  m a jo r ity  o f prob lem s in  a w e ll-o rd e re d , th o ro u g h  
and e ffe c tiv e  way. I f  th e  problem  is  ou ts id e  th e  scope o f th e  p ro p , o r  the  
e x p e rt 's  persona l experience, then the  e x p e rt m ust e ith e r  w o rk  fro m  f i r s t  
p r in c ip le s  o r  seek th e  he lp  o f a more expe rienced  e xp e rt.
P rops can lead us to  u nd e rs tan d  how e xp e rts  so lve  prob lem s and a re  th u s  
a p o w e rfu l a id  to  know ledge a cq u is ition . T hey  also p ro v id e  e v id e n ce  fo r  
weaknesses in  human problem  so lv ing . By "w eaknesses" we r e fe r  to  those
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genera l lim ita tio n s  o f human co g n itio n  ra th e r  than  th e  s p e c if ic  fa il in g s  o f 
less ab le  in d iv id u a l humans. We su g g e s t th a t th e  p ro p s  a re  o fte n  used as 
m ethods o f "p a tc h in g "  such weaknesses o r  fo r  a llow ing  an e x p e rt to  so lve 
p rob lem s beyond h is o r  h e r normal capac ity .
A common non -occupa tiona l example o f the  la t te r  is  th e  use o f pen, paper 
and a s ta n d a rd  fo rm a t to  allow us to  u nd e rtake  m u lt ip lic a tio n  ta sks  o f 
g re a te r  com p lex ity  than those poss ib le  b y  "m ental a r ith m e tic " .  The paper 
p ro v id e s  us w ith  an "e x te rn a l m em ory" to  hold th e  p a r t ia l re s u lts  w h ich  are 
beyond the  re lia b le  capa c ity  o f o u r  s h o r t  term  memory (STM).
The s tu d y  o f problem  s o lv in g  p rops  is  also va luab le  in  th a t  th e y  p ro v id e  
in s ig h ts  in to  the  ty p e  o f s u p p o rt w h ich  cou ld  be p ro v id e d  by  more 
s o p h is tica te d  problem  s o lv in g  aids, such as decision s u p p o r t  system s (DSSs) 
e tc . Thus i f  we can ana lyze the  ro le  and fu n c tio n  o f e x is t in g  p ro p s  then 
we may be a b le  to  see w ha t ro les and fu n c tio n s  are  fe a s ib le  fo r  " in te l l ig e n t  
p ro p s " .
The fo llo w in g  are  some o f the  more common p rops  e n co u n te re d  in  the  
in v e s tig a t io n s  o f occupationa l problem  so lv ing  rev iew ed in  C h a p te r 3.
C h e ck lis ts
P ro b a b ly  th e  most common, and s im p lest, em ployer p ro v id e d  too l is  the  
c h e c k lis t. T h is  is  a ll-p e rv a s iv e  in  ro u t in e  tasks no t c la s s if ia b le  as problem  
s o lv in g  (eg p a ck ing  lis ts ,  ro u tin e  m aintenance checks e tc ). N everthe less i t  
is  also w id e ly  used to  s u p p o rt s tra ig h tfo rw a rd  problem  s o lv in g . "C heck 
b a t te ry ;  check fuses; e tc "  is  one o f the  most common b e g in n in g s  fo r
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e le c tr ic a l tro u b le s h o o tin g  gu ides fo r  cars, rad io s  e tc . Most such c h e c k lis ts , 
when des igned  fo r  e n d -u s e r non -expe rts , f in is h  w ith  a sentence such  as " I f  
fa ilu re  p e rs is ts  then seek p ro fess iona l a d v ic e ..." . C h e ck lis ts  f o r  
in d u s tr ia l/c o m m e rc ia l use have a s im ila r re fe r ra l to  a s e n io r e x p e r t o r  
s p e c ia lis t. "F o r  r is k s  in  excess o f £100,000 re fe r  to  M r Jones fo r  
a p p ro v a l/a d v ic e "  is  ty p ic a l o f the  re fe r ra l to  a named se n io r u n d e rw r it in g  
e xp e rt.
C h e ck lis ts  w ere  v e ry  much used by the  ju n io r  "c le r ic a l e x p e rts "  in  Pensions 
Management. When an employee asked fo r  an o ff ic ia l s ta tem en t o f  h is  fu tu re  
pension e n tit le m e n t (o r  when a re t ir in g  em ployee was t ra n s fe r re d  to  
pen s ion e r s ta tu s ) the  c le rk  would use an e m p lo y e r-p ro v id e d  c h e c k lis t  to  
e nsu re  th a t th e  em ployee had sa tis fied  a ll th e  de ta iled  c o n d itio n s  o f pension 
e n title m e n t. T h is  was essen tia l since a m istake cou ld  o f fe r  th e  prom ise, o r  
a c tu a lly  in s ta n tia te , a pension not a llow able u n d e r th e  pension  scheme ru le s . 
Management w ou ld  no t have been s a tis fie d  w ith  a "m enta l c h e c k lis t"  and 
s ta f f  had to  t ic k  the  s p e c ific  item s on a fo rm  as th e y  w ere checked. 
N a tu ra lly , th is  c h e c k lis t was one o f the  most essen tia l, and easy, e lem ents 
to  in c o rp o ra te  in to  the  d e live re d  e xp e rt system .
"V ir tu a l P rops"
In  some cases th e  " p ro p s "  do not p h y s ic a lly  e x is t b e fo re  th e  commencement 
o f th e  so lu tio n  to  each problem . They are  c rea ted  o v e r  and o v e r aga in , lik e  
a fo rm  o f m ental s c a ffo ld in g , as each prob lem  is  so lved . An example o f th is  
ty p e  o f " v ir tu a l p ro p "  is  th e  s tru c tu re  o f th e  q u o ta tio n  Commercial Business 
U n d e rw r it in g . The s t ru c tu re  o f the  "s e t t in g  o u t"  o f th e  q u o ta tio n  
ca lcu la tion , even th o u g h  i t  is  completed on b la n k  pa p e r e v e ry  tim e, is  the
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p ro p  w h ich  he lps  d is c ip lin e  th e  so lu tion  to  th e  prob lem . I t  is  exac tly  
ana logous to th e  s ta n d a rd  fo rm a t o f th e  schoo lboy 's geom etric  p ro o f w h ich , 
a lth o u g h  i t  se rve s  a m u lt itu d e  o f d if fe re n t  p roo fs , is  th e  e ssen tia l ro u te  to  
a d is c ip lin e d  so lu tio n .
Paper Based P rops
C heck lis ts , a lre a d y  m entioned, a re  o fte n  paper based. H ow ever c h e c k lis ts  
are  th e  s im p les t o f a w hole range  o f paper based p rops  and ra re ly  demand 
more than  ju s t  a se ries  o f t ic k s , e ith e r  mental o r  by  pen. M ost pa p e r based 
p ro p s  s u p p o r t and s t ru c tu re  more s p e c ific  aspects o f th e  e x p e r t 's  problem  
so lv in g .
For ins tance , in  Telecom R epair S e rv ice  the  "d o c k e t"  used to  re c o rd  th e  
custom ers re p o r t  and, s u b se q u e n tly , the  fa u lt  d iagno s is , fo rc e s  th e  
te ch n ic ia n  to  c la s s ify  th e  re p o r t  in to  one o f a se ries  o f p re d e te rm in e d  
ca tegories . A lth o u g h  th e  vague "0 0 0 "  (Out o f O rd e r) is  an a llow able 
c la ss ifica tio n , i t  is  la s t on th e  l is t  and its  use is  d e f in ite ly  n o t encouraged . 
T h is  "c la s s if ic a t io n "  fo rm  o f p ro p  v e ry  o bv ious ly  se rve s  th e  pu rpo se  o f 
d is c ip lin in g  th e  prob lem  d e s c r ip tio n . I t  p rov id es  the  d ia g n o s tic ia n  w ith  a 
com plete range o f d e s c r ip tio n s  w ith o u t which i t  is  v e ry  l ik e ly  he w ould  use 
e ith e r  a more re s tr ic te d  l is t  o r  move s tra ig h t in to  d iag n o s is  w ith o u t f i r s t  
c la r i fy in g  th e  prob lem  d e s c r ip tio n .
The docke t is  th e  s im p les t ty p e  o f paper based p rop  th a t  can be c la ss ifie d  
as a " fo rm " ra th e r  than  a c h e c k lis t. In  A u d it Work P lann ing  a much more 
complex ty p e  o f fo rm  was used. I t  se rved  both c h e c k lis t and c la s s if ic a tio n  
purposes. F o r in s tan ce , and to  s a t is fy  the  legal re q u ire m e n ts  o f a s ta tu to ry
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a u d it, th e  fo rm  cannot be p ro p e r ly  com pleted u n t il a num ber o f ca tego ries  
o f in fo rm a tio n  abou t th e  a u d ited  f irm  have been p ro p e r ly  re co rd e d . T h is  
is  e s se n tia lly  a c h e c k lis t fu n c tio n . In  te rm s  o f ca te g o risa tio n  fu n c t io n , i t  
causes the  a u d it  m anger to  c la s s ify  the  f irm 's  t ra d in g  a c t iv ity ,  ty p e  o f 
com pu te r s u p p o rt e tc  in to  a se t o f p re -d e fin e d  ca tegories .
A d d itio n a lly , and beyond a s tra ig h tfo rw a rd  c h e c k lis t  fu n c tio n , th e  fo rm  used 
in  A u d it W ork P lann ing  also con ta ins  some e lem ents o f an a lg o r ith m . E a rly  
ques tions  on th e  fo rm  in c o rp o ra te  a s o r t  o f "GOTO" in d ic a tin g  o th e r  areas 
o f the  fo rm  to  s e le c tiv e ly  complete. (UK p a s s p o rt a p p lica tio n  fo rm s a re  
s im ila r ly  des igned .) Such cons ide ra tion s  a lm ost in v a r ia b ly  in v o lv e  th e  
co lle c tin g  o f fu r th e r  in fo rm a tio n . In  th is  re s p e c t th e  problem  s o lv in g  p ro p  
does no t lead the  m anager to  th e  de ta ils  o f th e  a u d it  p la n n in g  "s o lu tio n "  
(w h ich  rem ains h is ta s k  based on h is  expe rience  o r, s ince  o u r  
im p lem entation, th e  e x p e rt system ) b u t fo rc e  th e  m anager to  p rov id e r h im se lf 
w ith  the  same s o r t  o f in fo rm a tio n  th a t th e  fo rm  d e s ig n e r know s w ill be 
necessary fo r  him to  com pe ten tly  plan th e  a u d it. We c la s s ify  th is  as a 
Global Data A c q u is itio n  com ponent o f problem  s o lv in g . In  th e  im plem ented 
e x p e rt system  such fu n c tio n  was m o re -o r- le s s  d ire c t ly  re p lic a te d  as a 
s tra ig h tfo rw a rd  in te ra c t iv e  q u e s tio n n a ire  module.
G raphica l Props
Job Shop S chedu ling  and M u ltin a tio n a l Tax P lann ing  dem onstra te  th e  use o f 
d if fe re n t  fo rm s o f "g ra p h ic a l p ro p s ". In  Job Shop S chedu ling  sched u le rs  
alm ost in v a r ia b ly  use a fo rm  o f G antt c h a r t  in  o rd e r  to  s t ru c tu re  th e ir  
th in k in g  and "see" th e  in te r re la tio n s h ip  between com peting o rd e rs  etc.
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In  M u ltin a tio n a l Tax P lann ing  th e  co rp o ra te  o rgan isa tion  c h a r t  is  used (o r  
o ften  p a r t ia lly  ske tched  fo r  each prob lem ) to allow the  ta x  s p e c ia lis t to  take  
p ro p e r accoun t o f th e  v a r io u s  tax  dependencies.
In  bo th  these examples, Job Shop S chedu ling  and M u ltin a tio n a l Tax P lann ing , 
i t  seems v e ry  l ik e ly  th a t  th e  problem  so lve r could n o t hand le  th e  prob lem  
i f  us ing  a p u re ly  te x t-b a s e d  p rop . A p rop  show ing  th e  "s p a tia l 
re la tio n s h ip "  o f e ven ts  ( in  a schedu le ) o r  e n tit ie s  ( fo r  s u b s id ia ry  com panies) 
seems essen tia l. We have taken  due account o f th is  in  th e  des ign  o f th e  
g ra p h ica l in te r fa c e  fo r  o u r  M u ltin a tio n a l Tax P lann ing e x p e rt system  and, fo r  
e x p lo ra to ry  w o rk  in  th e  jo b  shop schedu ling  area, f u l ly  rea lise  the  
im portance  o f th e  G antt c h a r t  as p a r t  o f 'th e  system 's u s e r in te r fa c e .
Decision S u p p o rt System s
Decision S u p p o rt System s (DSSs) re p re s e n t a v e ry  specia l fo rm  o f com pu te r 
based p rop  used b y  e x p e rts . T h e ir  p r im a ry  advantage is  th a t  th e y  can be 
caused to  d is p la y  th e  ana lyses o f la rg e  amounts o f da ta  in  a fo rm  e a s ily  
com prehensib le  to  th e  e x p e rt. In  a d d ition  th e y  can a llow  th e  e x p e rt to  
p e rfo rm  "W h a t- if"  expe rim e n ts  on th e  data.
Except fo r  use by  the  e x p e rt fo r  Eurobond W arran t T ra d in g  no examples o f 
DSSs w ere  e n c o u n te re d  in  any o f the  tasks in v e s tig a te d  in  th is  th e s is . 
N everthe less the  b e h a v io u r o f e xp e rts  us ing  DSS system s is  a lm ost u n iq u e ly  
traceab le  (ie  b y  means o f a tra c e  f i le )  and could p ro v id e  a v e ry  c o n v e n ie n t 
asset in  know ledge a c q u is itio n . In  th e o ry  such usage tra c e s  w ou ld  be v e ry  
able s u p p o rt "kn o w le d g e  a c q u is itio n  b y  rev iew " d iscussed  e a r lie r  in  th is  
ch a p te r. In  th e  fu tu re ,  w here  e xp e rts  a re  supp o rted  b y  h y p e r te x t  system s,
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th e  usage re co rd  could also p ro v id e  a good re c o rd  o f th e  in fo rm a tio n  s o u g h t 
by  the  user to  s u p p o rt h is  problem  s o lv in g  and, coup led  w ith  " re v ie w "  
know ledge a cq u is itio n , cou ld  be in v a lu a b le  f o r  e x p e rt system s b u ild in g . F o r 
ins tance , the  r is k  manuals and s p e c ific  a p p lic a tio n  d e ta ils  fo r  Commercial 
Business U n d e rw r it in g  a re  a ll paper based. I f  an h y p e r te x t system  had 
been used, as is  l ik e ly  in  th e  fu tu re ,  then  i t  w ould  have been re la t iv e ly  
easy to  in fe r  th e  e xp e rtise  used la rg e ly  on th e  basis o f " re -p la y in g "  th e  
e x p e rt 's  usage reco rd .
Technica l P rops as a Help Im p lem enta tion
In  Telecom Repair S e rv ice  th e  " to o l"  was com plex and em braced the  e n t ire  
T es t Desk. In  Benchtop E lec tron ic  D iagnosis th e  too ls  were p r im a r ily  
s c re w d r iv e rs , s o ld e rin g  iro n s  e tc and te s t in s tru m e n ts  such as oscilloscopes 
e tc. In  Commercial Business U n d e rw r it in g  th e  p ro p s  w ere  th e  rates, manuals 
and special co n d itio n s  manuals. A t th e  e x p lo ra to ry  and in te rm e d ia te  stages 
o f know ledge a cq u is itio n  d iscuss ion  o f th e  "p ro p s  and to o ls "  can be^.a v e ry  
ra p id  way o f e lic it in g  cons ide rab le  know ledge  abo u t th e  ta s k . In  the  la te r  
stages o f know ledge a c q u is itio n  i t  has u s u a lly  been necessary  to  re tu rn  to  
a more com plete d e s c r ip tio n  o f method o f use o f th e  "p ro p s  and too ls " fo r  
th e  purposes o f the  c o n s tru c tin g  th e  d e liv e re d  sys tem 's  "H e lp " in fo rm a tio n . 
(F o r instance , in  Benchtop E le c tro n ic  D iagnosis, "H e lp " screens were o ffe re d  
to  p ro v id e  d e ta ils  o f the  s e ttin g s  and use o f a ll th e  te s tb e n ch  equ ipm en t.)
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Problem S o lv ing  Props -  Summary
Many occupationa l tasks  demand th e  use o f too ls. In  th e  manual ta sks  these 
m igh t be s o ld e rin g  iro n s , s c re w d r iv e rs  etc. (T h e ir  s tu d y  can be in va lu a b le  
to  th e  e x p e rt system  im p lem ente r w a n tin g  to  p ro v id e  a u th o r ita t iv e  techn ica l 
Help in fo rm a tio n .)  In  d e sk -b o u n d  jo b s  th e  too ls  a re  le d g e rs , databases etc. 
However some too ls, w h ich  we call "p ro p s " ,  are  p re c is e ly  ded ica ted  to  a ss is t 
th e  e x p e rt's  problem  so lv in g  ro le . We have encoun te red  many such problem  
s o lv in g  p rops  in  o u r know ledge a c q u is itio n  and these a re  noted as p a r t  o f 
th e  re p o rts  in  C hap te r 3. C ons idera tion  o f the  use o f problem  s o lv in g  p rops  
has o fte n  been very im p o rta n t in  u n d e rs ta n d in g  the  prob lem  s o lv e r 's  
know ledge and, fo r  th a t reason, is  re p o rte d  here.
4.5 CONCLUSION '
The deve lopm ent o f tech n iq u e s  has been a s u p p o rtiv e  exe rc ise  fo r  the  main 
body o f th is  research . For th is  reason, th e  techn iques  re p o rte d  above and 
the  o b se rva tio n s  accom panying them are  no t claimed to  be com prehensive  o r  
in  any way p a r t ic u la r ly  o rd e re d . N everthe less, the  re p o r ts  a re  a ll based on 
v e ry  ha rd  experience  w h ich , in  many cases, has led  to  th e  o b ta in in g  o f 
re s u lts  o r  the  deve lopm ent o f system s th a t w ould have n o t o th e rw ise  been 
possib le . The a u th o r v e ry  much app re c ia tes  th a t some o f h is  w o rk  has been 
o ve rta ke n  b y  elements o f the  KADS m ethodo logy. For th is  reason, 
techn iques  deve loped fo r  th e  ana lys is , s t ru c tu r in g  and "d e s ig n "  o f e x p e rt 
system s are no t re p o rte d  here. However, experience  re p o rte d  in  th is  
c h a p te r on th e  key e x p lo ra to ry  s tages o f know ledge a c q u is itio n  seems to  
complement o th e r la te r  w o rk  and may p ro ve  use fu l to  o th e r  w o rke rs .
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CHAPTER 5 -  PROBLEM SOLVING COMPONENTS
5.1 INTRODUCTION
T h is  c h a p te r summarises and discusses th e  p rob lem  s o lv in g  com ponents th a t 
w ere  recogn ised  as fe a tu re s  o f the  prob lem  s o lv in g  a rc h ite c tu re s  o f the  
occupa tiona l problem  so lv in g  tasks de sc rib e d  in  C h ap te r 3. A ppend ix  B 
p ro v id e s  a c ro s s -re fe re n c e  c h a r t o f th e  v a r io u s  ta s k s  to g e th e r w ith  the  
p rob lem  so lv in g  com ponents o f w h ich we re cogn ise  th a t  th e y  a re  com prised.
The de ta iled  ta s k  in v e s tig a tio n s  describ ed  in  C h a p te r 3 lead us to  be lieve 
th a t  occupa tiona l problem  so lv in g  usu a lly  in v o lv e s  up to  fo u r  separa te  
phases. We have term ed these the  P re -S ea rch  Phase, th e  Search Phase, the  
C onclusion Phase and the  Feedback Phase. The Search Phase and 
C onclusion Phase are cons ide red  always to  be p re s e n t b u t th e  P re-Search 
Phase and Feedback Phase are  on ly  p re s e n t in  c e r ta in  ty p e s  o f  problem  
s o lv in g . Each phase, w here  i t  is  p resen t, may c o n s is t o f one o r  more 
com ponents. In  many cases such com ponents a re  a lte rn a tiv e s  and w ill be 
p re s e n t on an e ith e r /o r  basis.
The com ponents and th e ir  fu n c tio n s  are co n s id e re d  in  re la tio n  to  the  task  
in v e s tig a tio n s . Each problem  so lv in g  phase w ill be cons ide red  in  tu rn  
to g e th e r  w ith  th e  possib le  com ponents w h ich  a re  p re s e n t  w ith in  it .
5.2 PRE-SEARCH PHASE COMPONENTS
Three possible strategic components. Global Data Acquisition, In itia l Problem
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A n a lys is  and Search P re -C o n s tra in in g  can precede the  actua l domain search . 
Search P re -C o n s tra in in g  can a rise  as a re s u lt  o f " In s t i tu t io n a l"  o r  "Dom ain" 
e ffe c ts . A ll th re e  com ponents se rve  th e  purpose  o f in c re a s in g  th e  fe a s ib il ity  
and e ffic ie n c y  o f th e  subse quen t search phase. In  p a r t ic u la r  In it ia l Problem 
A na lys is  and Search P re -C o n s tra in in g  u sua lly  have the  fu n c tio n  o f m aking 
a la rg e  o r  in tra c ta b le  prob lem  amenable to  so lu tion .
A lth ough  no example has been fo u n d  th e re  is  no reason w hy a ll th re e  
com ponents canno t co -e x is t. M u ltin a tio n a l Tax P lann ing  e x p e rtis e  is  
somewhat in d iv id u a l to  each e x p e rt and, perhaps, i f  th e re  had been an 
o p p o r tu n ity  to  in v e s tig a te  a w ide sample o f expe rts , we may have fo u n d  a ll 
th re e  P re-S earch  Phase C om ponents-toge ther.
In it ia l Problem A n a lys is  was no t recogn ised  in  o u r  in v e s tig a tio n s  b u t  w ould  
seem to  be a p o s s ib ility  fo r  th e  more m ature sp e c ia lis t. We have no ticed  
th a t Global Data A c q u is itio n  and In it ia l Problem A n a lys is  can p o te n tia lly  
merge in to  one com ponent in  a m atu re  problem  s o lv in g  task , such as 
Pensions Management, and see no reason w hy all th re e  com ponents cou ld  no t 
beg in  to  coalesce in  M u ltin a tio n a l Tax P lann ing.
5.3 GLOBAL DATA ACQUISITION
O ccurrence
Global Data A c q u is itio n  appears to  be a common prob lem  s o lv in g  com ponent 
and is  seen in  A u d it  W ork P lann ing , Small Business G uidance e tc.
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B rief D escription
The ro u tin is e d  co llection  (w ith o u t a n a lys is ) o f th a t  p rob lem  data  w h ich  w ill 
be commonly re q u ire d  th ro u g h o u t th e  so lu tio n  to  th e  prob lem .
D iscussion
In  many problem s expe rts  co lle c t da ta  (p e rh a p s  b y  q u e s tio n in g  the  person 
c o n s u lt in g  them  o r  by  accessing com pu te r da ta  o r  da ta  on a fo rm ) as and 
when th e y  need i t  d u r in g  the  process o f th e  c o n s u lta tio n . I f  th is  were no t 
th e  case, and a ll problem  in fo rm a tio n  w ere  to  be s o u g h t in  advance, th e  
p rob lem  s o lv in g  would become v e ry  in e f f ic ie n t  in v o lv in g  the  la b o rio u s  
co lle c tio n  o f much data w h ich la te r  p ro ve d  to  be unn ecessa ry  to  so lve th e  
prob lem .
However, in  q u ite  a la rg e  p ro p o rtio n  o f p rob lem s, e x p e rts  have recogn ised 
th a t  th e re  is  a re la t iv e ly  small core se t o f p rob lem  da ta  w h ich  w ill in e v ita b ly  
be re q u ire d  to  so lve the  problem  and w h ich , in  some cases, w ill be re q u ire d  
in  seve ra l places in  its  so lu tion . For in s ta n ce , in  p ro v id in g  Small Business 
G uidance, the  e x p e rt w ill c o n s ta n tly  have to  fo rm u la te  h is  adv ice  in  re sp e c t 
o f  the  size o f th e  firm , its  tu rn o v e r , t ra d in g  se c to r e tc. These fa c to rs  w ill 
be re q u ire d  in  ana lyz ing  fin a n c ia l pe rfo rm ance , com m enting on m a rke ting  
s tra te g y  and a d v is in g  on the  s t ru c tu re  o f th e  pe rsonne l p lan.
In  such cases w here "co re  common d a ta " e x is ts  i t  is  q u ite  usual fo r  the  
e x p e rt to  co lle c t i t  a t the  be g in n in g  o f th e  prob lem  c o n su lta tio n . O ften a 
fo rm  is  used fo r  th is  pu rpose  (eg A u d it  W ork P la n n in g ) and the  data is  
co llec ted  as a fixe d  p roced u re  ra th e r  th a n  as a consequence o f the  course
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o f the  problem  so lv in g . In  some cases, as exp la ined in  th e  n ex t section , th is  
co lle c tio n  o f core  o r  common data  is  com bined w ith  an in i t ia l  a n a lys is  o f the  
problem . In  a ll cases th is  elem ent o f  th e  prob lem  s o lv in g  p rocess seems to  
be one o f the  s ig ns  o f a p rocess th a t is  m atu re and is  becoming 
in s titu t io n a lis e d .
5.4 IN IT IA L  PROBLEM ANALYSIS
O ccurrence
T h is  com ponent is  seen in  Small Business Guidance.
B r ie f D escrip tion
A sha llow  " f i r s t  pass" th ro u g h  th e  prob lem  to  h ig h l ig h t  and p r io r i t is e  the  
m a jo r issues and, perhaps, to  make te n ta tiv e  f i r s t  conc lus ions .
D iscussion
As ju s t  m entioned, th e  co llec tion  o f g lobal o r  core da ta  co llec tion  is  
sometimes com bined w ith  an in it ia l ana lys is  o f th e  prob lem . D iffe re n t 
e x p e rts  fo r  Small Business G uidance adopted p ro ce d u re s  w h ich  e ith e r  
sepa ra ted  o r  in te g ra te d  these com ponents. As an in s ta n c e  o f th e  la t te r  
case, th e  most se n io r e x p e rt w ou ld  u n d e rta ke  a c q u is itio n  o f " ro u t in e "  
in fo rm a tio n  abou t the  company and, a t th e  same time, ga in  an im press ion  o f 
th e  main problem s and how the  su b se q u e n t de ta iled  a n a ly s is  o u g h t to be
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p r io r it is e d .
In it ia l p rob lem  ana lys is  has a p r im a ry  fu n c t io n  to  d is c o v e r th e  problem  
areas (o r  "sym p tom s") fo r  th e  case in  q u e s tio n . In  th e  case o f Small 
Business Guidance, the  business c o n s u lta n t needs to  know  and, i f  possib le , 
p r io r i t is e  th e  main areas fo r  a tte n tio n  and gu id a n ce  be fo re  commencing a 
th o ro u g h  bus iness  ana lys is . A cq u is itio n  o f such  e a r ly  "c o n s u lta tio n  goa ls" 
se rves  to  fo cu s  and, in  most cases, re -o rd e r  th e  s u b se q u e n t sea rch .
In  some cases th e  in it ia l problem  ana lys is  also a llow s a " f i r s t  pass" problem  
so lu tio n  and the  subsequen t main search th e n  te n d s  to  become a r ig o ro u s  
check  and e labo ra tion  o f th is  te n ta tiv e  conc lus ion . T h is  was sometimes the  
case w ith  Pensions Management w here a s k il le d  Pensions O ff ic e r  w ould  be 
fa ir ly  s u re  o f th e  adv ice  he would have to  g iv e  ju s t  on th e  bas is  o f the  
em ployee's o u tlin e  d e s c r ip tio n  o f th e  prob lem . However, he w ou ld  no t 
comment a t th a t  stage and would co n d u c t a d e ta ile d  "s e m i-c o n firm a to ry "  
session w ith  th e  employee be fo re  m aking an a u th o r ita t iv e  s ta tem en t.
In  such cases w here th e re  is  po ten tia l fo r  a " f i r s t  pass" s o lu tio n , we can 
recogn ise  an o ve rla p  w ith  the  ite ra t iv e  scheme o f p rob lem  s o lv in g  d iscussed 
la te r . However, In it ia l Problem A na lys is  is  c h a ra c te r is e d  b y  a sha llow  ra th e r  
than  com plete search on the  " f i r s t  pass", o fte n  em p loy ing  d if fe re n t  
know ledge to  th a t  employed on th e  main sea rch  and an em phasis on 
"p rob lem  h ig h lig h t in g "  and main search  o rd e r in g  r a t h e r  th a n  d r a f t  problem  
so lu tio n . Also, as in  th e  Pensions Management case d iscussed  above, i t  is  
o n ly  in  a p ro p o rt io n  o f cases th a t the  Pensions O ff ic e r  w ou ld  be able to  
make a " f i r s t  pass" so lu tion  to  the  problem . In  o th e r  cases In i t ia l  Problem 
A n a lys is  w ou ld  o n ly  lead to  b e tte r  o rd e r in g  o f th e  co re  p a r t  o f s o lv in g  the  
em ployee's problem .
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A lth o u g h  i t  is  no t a ta s k  in v e s tig a te d  here, we su g g e s t th a t  General 
P ra c tit io n e rs  m ust o ften  u n d e rta k e  an in it ia l problem  a n a lys is  (and co llec tion  
o f sym ptom s) be fo re  com ple ting  a more th o ro u g h  m edical exam ination o r  
d iagnos is . In  some cases th e  in it ia l problem  a n a lys is  w ill lead to  re fe r ra l 
to  a s p e c ia lis t bes t able to  deal w ith  the  h ig h lig h te d  p rob le ins . In  many 
cases th e  re fe rre d  sym ptoms w ill in c lu d e  those w h ich  th e  p a tie n t has no t 
o ffe re d  a t th e  be g in n in g  o f th e  d iagnos is . *
S im ila r ly , a small businessm an may dec la re  th a t he has a cash flow  problem  
a t th e  s ta r t  o f a con su lta tio n  b u t th e  in it ia l p rob lem  a n a lys is  w ill also 
h ig h l ig h t  th a t he is  also heading fo r  c r it ic a l d is t r ib u t io n  prob lem s. The 
subse quen t main search w ill then  be ta rg e te d  to  bo th  th e  o v e r t  cashflow  
p rob lem  and the  "d is c o v e re d " d is tr ib u t io n  problem .
5.5 SEARCH PRE-CONSTRAINING
Domain search may be a r t i f ic ia l ly  "c o n s tra in e d "  to  a m anageable size as a 
re s u lt  o f " In s t i tu t io n a l"  o r  "Dom ain" reasons. These tw o fo rm s o f 
p re -s e a rc h  c o n s tra in t a re  d iscussed sepa ra te ly  below.
5.6 SEARCH PRE-CONSTRAINING (INSTITUTIONALISED)
O ccurrence
T h is  com ponent is  seen in  M u ltin a tio n a l Tax P lann ing.
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Brief D escrip tion
»
P o te n tia lly  la rg e  occupationa l problem s a re  o fte n  ta c k le d  on a co n s tra in e d  
loca lised  bas is  to  make them manageable. U su a lly  th e  poss ib le  adve rse  
e ffe c ts  o f  such a "b lin k e re d "  approach a re  co u n te ra c te d  b y  la te r  feedback 
to  check the  g loba l consequences o f the  co n s tra in e d  dec is ion .
D iscussion
O ccupational prob lem  so lve rs  re g u la r ly  and re lia b ly  ta c k le  p rob lem s w h ich  
seem unm anageable to  th e  lay  ou ts id e r. O ften th e  s e c re t o f th e ir  success 
lie s  in  th e  a rra ngem en ts  th a t th e ir  o rg a n is a tio n s  have made to  ease the  
prob lem  s o lv in g  process. U sually  such a rra n g e m e n ts  seem to  have a risen  
more b y  "custom  and p ra c tic e " (ie  in s t itu t io n a lis a t io n )  ra th e r  than  by  
des ign . N everthe less th e y  are e ffe c tiv e . In  C h a p te r 4 we have a lrea dy  
d iscussed  th e  use o f "p rob lem  so lv in g  p ro p s "  to  d is c ip lin e  and s u p p o r t  th e  
prob lem  s o lv in g  process. We here d iscuss th e  p re -c o n s tra in in g  o f prob lem s 
to make them a manageable size.
Where th e y  have a problem  in v o lv in g  many v a r ia b le s , m athem atic ians o fte n  
choose to  assume th a t some are held c o n s ta n t in  o rd e r  to  ach ieve an 
approx im ate  p rob lem  so lu tio n  a p p ro p ria te  to  th e  key v a r ia b le s  w h ich  in te re s t  
them. In  th e  same way some business prob lem s, a lth o u g h  th e y  a re  no t 
s t r ic t ly  iso l ab le  from  th e  re s t o f the  bus iness , a re  o ffe re d  a loca lised  
so lu tion  w h ich , in i t ia l ly  a t least, takes l i t t le  accou n t o f  any  g loba l bus iness 
consequences o f th e  loca lised so lu tion .
M u ltin a tio n a l Tax P lann ing  p rov id es  th e  o n ly  C h a p te r 3 example o f
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In s t itu t io n a l P re -C o n s tra in in g . However such prob lem  c o n s tra in in g  by  
lo ca lisa tio n  is  also il lu s tra te d  by  the  ta sk  o f C o rpo ra te  Cash Management, a 
ta s k  w h ich  we have p a r t ia l ly  in v e s tig a te d  b u t w h ich is  n o t d e a lt w ith  as one 
o f th e  C hap te r 3 ta sks  in  th is  thes is .
Cash management decis ion m aking in  la rg e  companies has to  be un d e rta ke n  
q u ic k ly ,  o fte n  to  g e t an e n d -o f-d a y  balance and, as a re s u lt ,  management 
in s t r u c t  th e ir  s ta f f  o n ly  to  cons ide r balances in  the  loca l p la n t o r  te r r i to r y .  
On th e  p o s itiv e  s ide  th is  p ra c tice  allows d is tr ib u te d  f in a n c ia l problem  
s o lv e rs  to  ach ieve  a balance w ith o u t end less c o n s u lta tio n  w ith  th e ir  
c o u n te rp a rt ie s  in  o th e r  p a rts  o f the  o rgan isa tion . On th e  n e g a tiv e  s ide  i t  
leads com panies to  have an unused (and th u s  w asted) cash ba lance in  one 
p a r t  o f the  o rg a n isa tio n  w h ils t, a t the  same time, th e  o rg a n is a tio n  is  
b o rro w in g  money a t heavy s h o r t- te rm  rates. ( In  p a ss ing  th e  a u th o r 
su g g e s ts  th a t  C o rpo ra te  Cash Management is  one o f th e  g re a t une xp lo ited  
fin a n c ia l e x p e rt system s o p p o rtu n it ie s .)
The in s t itu t io n a lis e d  p re -c o n s tra in e d  search in  M u ltin a tio n a l Tax P lann ing  is  
somewhat d i f fe re n t  to  th a t seen in  C orpora te  Cash M anagement. In  
M u ltin a tio n a l Tax P lann ing  o n ly  one problem  s o lv e r is  in v o lv e d  whereas in  
C o rpo ra te  Cash Management severa l problem  so lve rs  a re  in v o lv e d . Th is  is  
ju s t  one example ju s t i fy in g  the  fu r th e r  developm ent o f  w h a t we re fe r  to  as 
"com m un ica tive  e x p e rts  system s" w h ich  are fu r th e r  d iscussed  in  C hap te r 6.
In  th e  case o f M u ltin a tio n a l Tax P lann ing the  p re -co n  s tra in e d  search is  
fo llow ed  by  Global C o n se qu ences /Ite ra tive  Solution Feedback (d iscussed  
below) w here  th e  e ffe c t o f the  "loca l so lu tio n " is  cons ide red  in  re sp e c t o f 
it s  w o r ld -w id e  im p lica tio n s . I f  such im p lica tions  o f th e  c o n s tra in e d  search 
are  m a rke d ly  u n fa vo u ra b le  the  problem  is  again c o n s id e re d  on a
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p re -co n  s tra in e d  loca lised  basis b u t w ith  th e  f u r th e r  in fo rm a tio n  on th e  
sp e c ific  fa c to rs  w h ich  made the  f i r s t  so lu tio n  unacceptab le . Thus th e  
poss ib le  d an ge rs  o f th e  p re -c o n s tra in in g  s tra te g y  a re  la rg e ly  e lim ina ted .
A s im ila r "c o r re c t iv e "  feedback  loop does n o t u s u a lly  o c c u r w ith  C o rp o ra te  
Cash Management la rg e ly  because time and d is tr ib u t io n  o f th e  problem  
between many problem  s o lve rs  would make feedba ck  alm ost im possib le . 
However, o n ly  on the  bas is  o f secondhand ev idence , th e  a u th o r  has been 
to ld  th a t se n io r m anagers respons ib le  fo r  cash management in  la rg e  
c o rp o ra te  g ro u p s  o fte n  engage in  m u ltip le  phone ca lls  u n t il a "good  o v e ra ll"  
s itu a tio n  is  es tab lished . Again i t  m ust be s ta te d  th a t, w ith  such  a p o o rly  
op tim ised process dea ling  w ith  huge sums o f money, th e  scope fo r  e ffe c tiv e  
e x p e rt system s is  enorm ous.
5.7 SEARCH PRE-CONSTRAINING (DOMAIN-DRIVEN)
O ccurrence  '
T h is  v e ry  common prob lem  so lv in g  com ponent is  seen in  E n g in e e rin g  
P re v e n ta tiv e  M aintenance and a num ber o f o th e r  common ta sks  as d iscussed  
on th e  ne x t page.
B r ie f D escrip tion
Sometimes an e x p e rt expe rienced  o ve r a w ide domain can com p le te ly  loca lise  
h is search  to  a p a r t ic u la r  sub-dom ain on th e  basis o f  the  in i t ia l  problem  
d e s c r ip tio n  o r  "a t  a g lance " a t the  commencement o f th e  search .
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D iscussion
For th e  mechanical d ia gno s tic  eng ine e r o r  th e  medical p ra c t it io n e r  th e ir  
domain o f  e xp e rtise  is  th e  "w hole  m achine" o r  "w ho le  b o d y "  re s p e c tiv e ly . 
However i f  th e  na tu re  o f the  symptoms make i t  im m ed ia te ly  o b v io u s  th a t ju s t  
one p a r t  o f th e  machine o r  body shou ld  be cons ide red  th e n  we s u g g e s t th a t 
the  search  is  co ns tra in ed  to  ju s t  th a t p a r t  o f th e  sub -do m a in . Thus, fo r  
th e  medical p ra c t it io n e r, an in it ia l symptom o f b re a th in g  d if f ic u lt ie s  
e f fe c t iv e ly  con fin es  the  search to  th e  c a rd io - re s p ira to ry  system .
In  Engineering P re ve n ta tive  M aintenance the  in it ia l sym ptom  o f a d e fe c tive  
p ro d u c t (ie  c ig a re tte )  w ith  a b ru ise d  f i l l in g  a t one end can o n ly  be the  
re s u lt  o f the  c ig a re tte  "M a ke r" machine ra th e r  than  e ith e r  th e  machine 
w h ich  makes end less c ig a re tte  " ro d s "  o r  the  machine th a t  packs th e  p ro d u c t 
in  boxes and cases. Thus, a t a glance, the  p rob lem  is  to ta lly  
p re -c o n  s tra in e d  to  the  M aker machine. ( In  the  "G P" case quo ted  above the  
p re -c o n s tra in t  is  no t be abso lu te  s ince  b re a th in g  d if f ic u lt ie s  cou ld , in  ra re  
c ircum stances , re s u lt  from  po ison ing , p s y c h ia tr ic  d is tu rb a n c e  e tc .)
In  E urobond W arran t T ra d in g  the  domain is  p re -c o n s tra in e d  as a re s u lt  o f 
th e  p a r t ic u la r  bond th a t is  to  be tra d e d . T ra d e rs  have e x p e rtis e , con tac ts  
e tc  across a w ide range o f business secto rs  b u t  if ,  say, a m a n u fa c tu rin g  
bond is  re q u ire d  to  be tra d e d  the  domain is  im m edia te ly  c o n s tra in e d  to  th a t 
sub -dom a in  concerned w ith  m a nu fac tu ring  p lu s  th e  co re  sub-dom a ins  
concerned  w ith  Reuters in te rp re ta tio n  etc. No o th e r  sub -dom a ins , such as 
re ta il o r  defence can po ss ib ly  be o f re levance.
In  e ffe c t e x p e rts  fa m ilia r w ith  th is  s o r t  o f domain a re  re a lly  e x p e rts  in  a 
num ber o f sepa ra te  sub-dom ains. They o b v io u s ly  also have expe rience  a t
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some whole domain problem s such as those concerned  w ith  pow er su p p lie s  
to  th e  machine, v ib ra t io n  problem s etc. (Such prob lem s can be cons ide red  
to  be dea lt w ith  by  th e  s tra te g ic  com ponent "L im ite d  O ve ra rc h in g  
C onc lus ions" d iscussed  below .) However th e ir  main e x p e rt is e  can be b roken  
dow n to a sm all n u m b er o f sub-dom ains. We have a lre a d y  quo ted  th e  case 
o f medical p ra c t it io n e rs  who are experienced in  a se t o f s e n s ib ly  iso lab le  
sub -dom a ins (ENT, g e n ito -u r in a ry ,  p s y c h ia tr ic  e tc ) p lu s  whole domain 
c o n d itio n s  such as cancer, AIDS etc. S im ila r ly  ca r m echanics can com ple te ly  
sepa ra te  th e ir  "e n g in e  no ise" expe rtise  from  th e ir  " ra d io  no ise " e xp e rtise . 
Such e xp e rts  (ie  the  la rg e  machine d ia g n o s tic ia n , th e  GP and th e  c a r 
m echanic) appea r to  have a v e ry  w ide span o f com petence. N everthe less, 
in  many cases, th e y  need on ly  exerc ise  th e ir  com petence on a v e ry  
co n s tra in e d  p a r t  o f the  o v e ra ll domain.
P re -c o n s tra in in g  o f the  domain can also be cons ide red  from  th e  p o in t o f 
v iew  o f a domain co n s is tin g  o f m u ltip le  sub -dom a ins  (see be low ) w here  o n ly  
one sub-dom a in  m ust be searched and w here  th e re  a re  no re fe re n ce  
l in k in g s .
5.8 SEARCH PHASE COMPONENTS
The search phase is  the  p r in c ip a l phase o f any  prob lem  s o lv in g  ta sk . I t  is  
d u r in g  th is  phase th a t the  domain is  searched in  o rd e r  to  in fe r  f in d in g s  in  
response to  th e  p resen ted  problem s. In  th e  fo llo w in g  p a ra g ra p h s  we 
c o n s id e r how th e  search space may be e ith e r  con s id e re d  to  re p re s e n t a 
s im p le  domain o r  se t o f sub-dom ains. We d iscu ss  th e  n a tu re  o f sea rch  an d  
some o f it s  s im p le r consequences, such as search space p ru n in g  and 
tra v e rs a ls .
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We co n tin u e  w ith  a m ajor d iscussion  o f the  n a tu re  o f sea rch  in  m u ltip le  
sub-dom ains, w h ich  may be e ith e r  a fixe d  o r  v a r ia b le  se t and w h ich  may be 
re fe re n ce  lin k e d , e ith e r  m in im ally o r  hea v ily , e ith e r  to  s u p p o r t  th e  problem  
s o lv in g  process o r  to  s tre n g th e n  the  fin a l hypo theses re s u lt in g  from  th e  
problem  s o lv in g .
5.9 SIMPLE DOMAINS AND MULTIPLE SUB-DOMAINS
We recogn ise  tw o  d is t in c t  fo rm s o f problem  domain. F irs t ,  th e re  is  th e  
sim ple domain w here  th e  know ledge to  so lve the  p rob lem  is  e s s e n tia lly  
con tin uous  and homogeneous. By th is  we mean th a t, un less a v e ry  f in e  
g ra in  size is  taken , i t  is  im possib le  to  s p l it  the  know ledge  in to  o rd e re d  
"s e lf-c o n ta in e d "  d iv is io n s " . Thus in  Benchtop E le c tro n ic  D iagnosis a ll th e  
know ledge conce rn s  h yp o th e s is in g  and te s tin g  in  an e le c tro n ic s  equ ipm en t 
domain. In  c o n tra s t the  sim ple domain approach m igh t n o t be s u ita b le  i f  th e  
know ledge cou ld  be d iv id e d  in to  "h a rd w a re  te s ts "  and "s o ftw a re  te s ts "  as 
may be a p p ro p r ia te  fo r  tro u b le s h o o tin g  e le c tro n ic  com pute rs . Both fo rm s o f 
know ledge m ig h t be ca lled upon to  f in d  a fa u lt  b u t, in  most cases, th e y  
w ould be ca lled  on s e r ia lly  ra th e r  than  in  pa ra lle l.
We f i r s t  d iscu ss  ce rta in  fe a tu re s  o f search in  s im ple  dom ains. These 
concern  th e  a rra n g e m e n t o f th e  search space, th e  s ite  o f te s ts  and p ru n in g  
and tra n s it io n s  th ro u g h  th e  search space. Such fe a tu re s  also o ccu r in  
search w ith in  th e  sub-dom ains o f a domain d iv id e d  in to  m u ltip le  
sub-dom ains. However, such fe a tu re s  are cons idered  he re  s ince  search 
w ith in  a sub -dom a in  is  l i t t le  d if fe re n t  (a p a rt from  e x te rn a l re fe re n ce s  to  and 
from  o th e r sub -do m a ins ) from  search w ith in  a sim ple dom ain.
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5.10 SEARCH
We use the  w o rd  "s e a rc h "  in  a ra th e r  u n iv e rs a l sense. We see an o rd e re d  
search  space w h ich  may be tra v e rs e d  (o r  sea rche d ) in  seve ra l d i f fe re n t  
ways. A lth o u g h  "s e a rc h "  is  an o ve r-u se d  and ra th e r  genera l w o rd  we feel 
com fo rtab le  in  us ing  i t  s u b je c t to  the  caveat ju s t  g ive n .
The d e fa u lt search is  s tra ig h t fo rw a rd  dep th  f i r s t  sea rch  and th is  is  th e  s o r t  
o f search th a t,  say, a nov ice  d iagno s tic ian  w ould  u n d e rta k e  on an u n fa m ilia r 
piece o f equ ipm ent. Such d e fa u lt search can u n d e rg o  c e rta in  e la b o ra tio n s  
as expe rience  increases. Such e labo ra tion s  make la b o rio u s  d e p th  f i r s t  
search more e ff ic ie n t.  We d iscuss  te s tin g  a t in te rm e d ia te  nodes, local and 
d is ta n t search  space p ru n in g  and dynam ic search space rea rra n g e m e n ts  and 
tra v e rs a ls  below. ^
In  th is  section , a lth o u g h  th e re  are  w e ll-e s ta b lish e d  im p lem enta tion  m ethods 
fo r  s u p p o r tin g  th e  d e sc rib e d  search, we have been p a r t ic u la r ly  c a re fu l to  
w o rk  on th e  basis o f obse rve d  search beh a v io u r. We have th u s  a ttem pted 
to  avo id  th e  cons ide rab le  tem p ta tion  to a tte m p t to  " f in d "  o r  "m ap" problem  
so lv in g  b e h a v io u r on to  some o f th e  v e ry  w e ll-e s ta b lis h e d  e x p e rt system s 
in fe re n c in g  parad igm s (eg fo rw a rd  o r  backw ard  c h a in in g ).
5.11 TESTS AT INTERMEDIATE NODES
O ccurrence
T h is  p rob lem  so lv in g  com ponent is  seen most s im p ly  in  Commercial Business 
U n d e rw r it in g  and F ore ign  Exchange Exposure and in  a ll o f th e  more complex
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ta sk s .
B rie f D e scrip tion
Most domains a llow  hypo theses to  be both genera ted  and te s te d  a t 
in te rm e d ia te  nodes in  th e  search space.
D iscussion
A search space can be envisaged w here the  n a tu re  o f th e  domain makes i t  
poss ib le  o n ly  to  u n d e rta k e  tes ts  a t the  " leaves" even th o u g h  in te rm e d ia te  
nodes in  the *sea rch  space ex is t. In  such, a search space in te rm e d ia te  nodes 
re p re s e n t s ite s  w here  hypotheses can- be genera ted  b u t  te s ts  a re  no t 
poss ib le .
In  most search spaces in te rm ed ia te  nodes can s u p p o r t  bo th  h y p o th e s is  
gen e ra tion  and h yp o th e s is  te s tin g . Tests a t in te rm e d ia te  nodes a re  the  
ro u te  to  th e  search  space p ru n in g  and tra v e rs a ls  d iscussed  below .
5.12 LOCAL SEARCH SPACE PRUNING
O ccurrence
Th is  problem  s o lv in g  com ponent is  seen most s im p ly  in  Commercial Business 
U n d e rw r it in g  and Fore ign  Exchange Exposure and in  most o f  th e  more
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com plex tasks.
B r ie f D escrip tion
Local p ru n in g  occu rs  when a te s t a t an in te rm e d ia te  node is  capable o f 
p ru n in g  th a t p a r t  o f th e  search space w h ich  w o u ld  have been searched 
im m edia te ly  fo llo w in g  the  tes t.
D iscussion
A te s t a t an in te rm ed ia te  node may be used to  ch e ck  w he th e r o r  no t the  
search  tre e  need to  be searched to  a g re a te r  d e p th  below  th a t node. Thusi' . 
in  Commercial Business U n d e rw r it in g  a te s t fo r  th e  ty p e  o f bus iness to  be> re­
in s u re d  w ill, in  some cases p ru n e  away th e  need to  es ta b lish  the  
re q u ire m e n ts  fo r  cove r fo r  th a t business.
Thus, i f  the  te s t fo r  bus iness ty p e  shows i t  to  be an A b a tto ir , th e re  w ill be^ ^ 
no need to  es tab lish  "C o n tra c t W orks" c o ve r s in ce  a b a tto irs  do no t have 
those  r is k s  norm a lly  associated w ith  b u ild in g  s ite s , tu n n e llin g  e tc.
Such p ru n in g  is  rega rded  as local to  th e  in te rm e d ia te  node since, had i t  not 
taken  place, the  search w ould  have moved im m ed ia te ly  to  the  p ru n e d  area.
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5.13 DISTANT SEARCH SPACE PRUNING
O ccurrence
Th is  problem  s o lv in g  com ponent is  seen most s im p ly  in  Commercial Business 
U n d e rw r it in g , Fore ign Exchange Exposure and Benchtop E le c tro n ic  D iagnosis 
and th ro u g h o u t most o f th e  more complex tasks.
B r ie f D escrip tion
D is ta n t p ru n in g  occu rs  when a te s t a t an in te rm e d ia te  node is  capable o f 
p ru n in g  th a t p a r t  o f th e  search space remote from  th a t  w h ich  w ou ld  have 
been searched im m edia te ly fo llo w in g  th e  tes t.
D iscussion
In  Fore ign Exchange Exposure the  e xp e rt, in  th e  la te r  s tages o f p ro v id in g  
a means o f c o ve rin g  fo re ig n  exchange exposure r is k s , w ill exp lo re  the  
p o s s ib ility  o f ask ing  a po te n tia l fu tu re  s u p p lie r  to  in v o ic e  in  S te r lin g  o r, 
fa il in g  th is , US Dollars. No hedg ing  is  re q u ire d  fo r  S te r lin g  paym ents and 
hedg ing  aga ins t US D o lla r exchange ra te  exposures is  re la t iv e ly  sim ple. 
However, in  the  e a r lie r  stages o f prob lem  s o lv in g  i t  is  necessary to  
de te rm ine  the  actua l c u r re n c y  o f th e  s u p p lie r 's  c o u n try . T h is  is  re q u ire d  
to  de te rm ine  the  poss ib le  exposure  r is k .  However, as a s ide  e ffe c t, i f  the  
c u rre n c y  is  one o f the  fo rm e r S ov ie t Bloc (o r most A fr ic a n )  c u rre n c ie s  then  
i t  can be re lia b ly  assumed th a t the  s u p p lie r  w ill in s is t  on paym ent in  US 
D o llars ra th e r  than  S te r lin g . Thus th e  e xp e rt, when he a c tu a lly  comes to
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dev ise  the  hedg ing  s tra te g y , w ill no t e xp lo re  th e  S te r lin g  paym ent op tio n  
b u t  w ill move im m ediate ly to  hedg ing  a g a in s t fu tu re  paym ents in  US Dollars.
Thus, in  e ffe c t, the  e a r lie r  te s t fo r  " c u r re n c y "  has, as a si d e -e ffe c t, p ru n e d  
away th e  d is ta n t "S te r lin g  paym ent" p a r t  o f th e  search  space. The e ffe c t 
is  sa id  to  be "d is ta n t p ru n in g "  s ince th e  "S te r lin g  p a ym e n t" search w ould  
n o t have im m edia te ly fo llow ed the  " c u r re n c y "  te s t.
5.14 DYNAMIC SEARCH SPACE REARRANGEMENTS AND TRAVERSALS
O ccurrence
T h is  problem  s o lv in g  com ponent is  seen in  Benchtop E le c tro n ic  D iagnosis and 
Small Business Guidance.
B r ie f D escrip tion
Sometimes c lues th a t a problem  may e x is t in  a d is ta n t  p a r t  o f th e  search 
space are  d iscovered  as p a r t  o f ro u tin e  sea rch . D epend ing  on the  s tre n g th  
o f such clues, search may tra n s fe r  te m p o ra r ily  o r  p e rm a n e n tly  to  the  d is ta n t 
p a r t  o f  the  search space.
D iscussion
In  e le c tro n ic  c ir c u it  d iagnosis , te s ts  fo r  fa u lts  in  th e  mains sm ooth ing
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c ir c u its  a re  no rm a lly  und e rtake n  la te  in  the  search. Problem s w h ich  can be 
ass igned to  such fa u lts  are unusua l and i t  is  fo r  th is  reason th a t  te s ts  are 
no rm a lly  o n ly  in v o k e d  when most more ro u tin e  prob lem  c o n d it io n s  have been 
e lim ina ted .
However, i t  is  no t unusua l fo r  oscilloscope te s ts  on o th e r  "m ore  p ro b a b le " 
c ir c u i t  e lem ents to  show up problem s in  mains sm ooth ing . In  such case th e  
c u r re n t  te s ts  a re  suspended and the  search moved to  th e  "m a ins  sm oo th ing" 
p a r t  o f th e  search  space. Depending on th e  n a tu re  o f th e  t r ig g e r in g  
c o n d itio n  such search  space tra v e rs a ls  can be te m p o ra ry  o r  can re s u lt  in  
search space rea rrangem ents ,
A te m p o ra ry  tra v e rs a l is  u sua lly  und e rtake n  when th e  t r ig g e r in g  cond ition  
(eg th e  in d ic a tio n  o f som ething w rong  in  the  d is ta n t a rea) is  n o t a p o s itive  
in d ic a tio n  o f a prob lem  in  the  mains sm ooth ing area o f th e  search  space. 
In  such cases i t  is  usual fo r  the  problem  s o lv e r to  " in te r r u p t "  th e  normal 
search  ro u tin e  to  "check  o u t"  the  d is ta n t p a r t  o f th e  search  space. I f  the  
prob lem  is  iso la ted  to  th a t p a r t  o f th e  search space, u s u a lly  b y  a te s t a t a 
d is ta n t in te rm e d ia te  node, the  search space is  re a rra n g e d  so th a t th e  
d is ta n t area is  searched im m ediate ly.
I f  th e  problem  canno t be iso la ted  to  the  d is ta n t p a r t  o f th e  search  space 
then  search is  resum ed at i t s  p re v io u s  place. I f  th e  t r ig g e r in g  co n d itio n  
is  p o s itiv e  (ie  a d e fin ite  in d ic a to r  o f tro u b le  in  the  d is ta n t  area) then  
search space rea rran gem en t takes place w ith o u t a c o n firm a to ry  te s t a t the  
d is ta n t in te rm e d ia te  node.
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5.15 M ULTIPLE SUB-DOMAINS SIMPLE SEARCH
O ccurrence
T h is  common problem  so lv in g  com ponent is  seen in  A u d it W ork P lann ing , 
Business Perform ance Assessment, Perm anent Health In s u ra n c e , Small 
Business Guidance and Job Shop S chedu ling .
B r ie f D e s c r ip tion
The a b il i ty  to  d iv id e  a prob lem  so lv in g  domain in to  a num ber o f sub -dom a ins  
and s e r ia lly  search them  (and perhaps com bine th e ir  re s u lts  la te r )  is  a 
p o w e rfu l s tra te g y  to  cope w ith  the  problem  s o lv in g  lim ita tio n s  o f th e  human 
prob lem  s o lv e r. I t  also leads to  a co n ve n ie n t w ay o f b re a k in g  down the  
prob lem  in to  log ica l sections fo r  the  pu rposes  o f a sk in g  ques tions , to  the  
"u s e r "  o f th e  human e x p e rt o r  e x p e rt system .
D iscussion
In  many prob lem  ta sks  th e re  is  the  re q u ire m e n t to  c o n s id e r severa l 
d if fe r e n t  asp ec ts  o f th e  prob lem  dom ain. A s e a rc h  is  co n d u c ted  w ith in  each  
o f these  sub-dom a ins e ith e r  to p roduce  a se t o f p r im a ry  re s u lts  (w ith  
d i f fe re n t  re s u lts  com ing from  each o f th e  sub -do m a ins ) o r  to  p roduce  
p r im a ry  re s u lts  w h ich  lead to  lesse r o r  g re a te r  g loba l conc lus ions  fo r  the  
whole domain. The search o f the  sub-dom a ins may be se p a ra te  (as in  
Perm anent Health In s u ra n c e  w here "H e a lth " and "O ccupationa l R isk " are
305
P roblem  S o l v in g  C om po nents
to ta lly  unconnected  searches) o r  may be lin k e d  in  one o r  more o f the  
v a r io u s  ways d iscussed below.
Dealing w ith  a problem  domain by way o f a num ber o f e s s e n tia lly  sepa ra ted  
sub-dom ain  searches is  one o f the  most pow erfu l dev ices  in  occupa tiona l 
prob lem  s o lv in g . Lay problem  so lve rs  are  o ften  im pressed  a t th e  s ize  o f the  
domain w h ich  an e x p e rt can command. However, expe rience  w ith in  the  
o rg a n isa tio n  and w ith in  the  in d iv id u a l o ften  means th a t  an a p p a re n tly  la rg e  
unm anageable domain can be s p lit  up in to  a num ber o f  sm a lle r sub -dom a ins  
w h ich  can be processed s e r ia lly .
Each o f these  se ria l searches is  such th a t i t  can be coped w ith  b y  the  
prob lem  s o lv e r and, once com pleted, i t  is  o fte n  o n ly  necessary  fo r  the  
" r e s u lt "  to  be reco rded  be fo re  p roceed ing  to  th e  nex t sub -do m a in .
5.16 M ULTIPLE SUB-DOMAINS -  FIXED SET
O ccurrence
T h is  p rob lem  so lv in g  com ponent is  seen in  a ll ta sks  in v o lv in g  M u ltip le  
Sub-Dom ains excep t Eurobond T rad ing .
B r ie f D e scrip tion
A fix e d  se t o f problem  s o lv in g  sub-dom ains is  said to  e x is t w here  th e  domain 
can be d iv id e d  in to  a num ber o f sub-dom ains each o f w h ich  m ust be
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searched (w ith  c e rta in  w e ll-d e fin e d  excep tions) w h e n e ve r a prob lem  is  
p resen ted .
D iscussion
In  most cases i t  is  poss ib le  to  de te rm ine  th e  se t o f sub -do m a ins  w h ich  are  
cons ide red  in  o rd e r  to  g iv e  an o ve ra ll p rob lem  so lu tio n . T h is  "F ixed  S e t" 
may a c tu a lly  v a ry  from  problem  ty p e  to  prob lem  ty p e  w ith in  th e  e x p e rt 's  
re p e r to ire  b u t, fo r  any one problem  ty p e , th e  e x p e rt w ill search  a fix e d  se t 
o f sub -dom a ins. Thus fo r  Small Business G uidance th e  fix e d  se t is  F inancia l, 
P u rchas ing , P rodu c tion , D is tr ib u tio n , M a rke tin g , Personnel and Management.
No bus iness can be fu l ly  adv ised  un less a ll these  sub -dom a ins  a re  searched 
(un less, fo r  in s tance , i t  is  a se rv ice  o rg a n isa tio n  w he re  P rodu c tion  andv .-y 
D is tr ib u tio n  do no t a p p ly )  and no bus iness  re q u ire s  any  fu r th e r  
sub -dom a ins to  be searched. In  such case th e  se t o f sub -do m a ins  is  fix e d  
and se t a t s ix , ra th e r  than  seven, a t th e  o u ts e t o f th e  prob lem .
5.17 M ULTIPLE SUB-DOMAINS -  VARIABLE SET
O ccurrence
T h is  p rob lem  s o lv in g  com ponent is  seen in  E u ro b o n d  T ra d in g .
B rie f D e scrip tion
A v a r ia b le  se t o f p rob lem  so lv in g  sub-dom a ins  is  sa id  to  e x is t w here  th e
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domain can be d iv id e d  in to  a num ber o f sub-dom ains each o r  a ny  o f w h ich  
may, o r  may not, be searched depend ing  on the  na tu re  o f th e  prob lem  o r, 
more p a r t ic u la r ly ,  th e  p ro g re s s  o f th e  problem  so lv ing . Such "v a r ia b le  s e t"  
problem s are  p a r t ic u la r ly  d i f f ic u l t  to  solve.
Discussion
The s in g le  example Eurobond T ra d in g  il lu s tra te s  a com ponent o f  p rob lem  
s o lv in g  w h ich makes problem s v e ry  d i f f ic u l t  to  "s o lv e " on a ny  s o r t  o f 
re lia b le  basis, in  essence the  prob lem  so lve r must c o n s id e r th e  s tra te g ic  
ques tion  "W hat s o r t  o f  sub-dom ains shou ld  I  be e x p lo r in g  to  so lve  th is  
p rob lem " c o n c u rre n t ly  w ith  the  actua l problem  so lv ing  a c t iv i ty  its e lf .
Once a se t o f s o lu tio n s  has been es tab lished  from  the  se lec ted  sub -dom a ins  
the  e x p e rt u s u a lly  com bines th e ir  f in d in g s  to  a s ing le  p rob lem  so lu tio n . In  
the  case cons ide red , E urobond T ra d in g  i t  was c lear th a t th e  e x p e rt does no t 
approach p rob lem  s o lv in g  in  tw o stages by  f i r s t  e s ta b lis h in g  th e  se t o f 
sub-dom ains and then  e x p lo r in g  them. In  c o n tra s t sub -do m a ins  are  
dynam ica lly  e n te re d  and d ropp ed  as the  problem  p rog resses .
The E urobond W a rra n t T ra d e r knows many possib le sub -do m a ins  th a t may 
be exp lo red  to  se t a p rice . Such sub-dom ains are  t r u ly  sepa ra te  and 
d if fe re n t  know ledge  is  used to p ro g re s s  problem  so lv in g  w ith in  them . Some 
o f the  sub-dom a ins  are  m o re -o r- le ss  o b lig a to ry , such as those  concerned  
w ith  c o n s u ltin g  R euters screens o r  seeking q u o ta tio n s  fro m  m arke t 
c o u n te rp a rtie s . O the rs  a re  less common, such as in v e s tig a t in g  th e  accounts 
o f f irm 's  in  th e  same m arke t as th e  Bond Is s u e r o r  u s in g  one o f many 
Decision S u p p o rt Tools. The la ck  o f a fixed  se t o f sub -do m a ins  to  search
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makes problem  s o lv in g  n o t o n ly  d i f f ic u l t  b u t,  s ince  " c r i t ic a l"  domains may 
be eas ily  missed, v e ry  u n re lia b le .
I t  is  necessary to  make c le a r the  d iffe re n c e  between the  f ix e d /v a r ia b le  
S ub-dom ain  dim ension an d  th e  o p e n /c lo s e d  p ro b lem  d im ension . "O pen  
prob lem s" (ie  problem s w ith o u t a f in i te  se t o f poss ib le  so lu tio n s ) are, o f 
course, also v e ry  d i f f ic u l t  to  solve. However a v a r ia b le  sub-dom ain  problem  
may have a closed so lu tio n  set. In  the  case o f  th e  Eurobond W arran t t ra d e r  
th e  so lu tio n  se t may be ju s t  the  b in a ry  "B u y "  o r  "S e ll"  set. N everthe less 
th e  "openness" o f the  sub-dom a ins to  be co n s id e re d  makes th e  problem  ju s t  
as hard  as th a t re s u lt in g  from  the  "ope nness" o f th e  so lu tion  se t in  o th e r  
problem s.
Some problem s, such as those  in  the  m ili ta ry  and p o lit ic a l domain, w ould  
seem to  be "open" (ie  w ith  in f in ite  poss ib le  s o lu tio n s ) and also to \ la ck  a 
fixe d  sub-dom ain se t f o r  problem  s o lv in g . S o lu tio n s  to  such prob lem s a re  
o fte n  cons id e ra b ly  su b -o p tim a l even when th e  prob lem s are ta ck le d  by  th e  
most know ledgeable and in te l l ig e n t  expe rts .
5.18 SUB-DOMAIN REFERENCE LINKING
We have a lready  noted th a t  the  a b il i ty  to  t re a t  a la rg e  prob lem  as a th e  
se ria l search o f a num ber o f su b -p rob lem s is  a p o w e rfu l e x p e rie n tia l ro u te  
to m aking occupationa l p rob lem s tra c ta b le . A c e r ta in  am ount o f " in te r r u p ts "  
to  any o f the  sub-dom a in  searches to  re fe re n c e  o th e r sub-dom ains is  
to le ra b le . N everthe less problem  so lv in g  becomes d i f f ic u l t  and e r ro r -p ro n e  
w here  th is  l in k in g  e f fe c t iv e ly  means th a t th e  s e ria l sub-dom ain  searches 
coalesce to  a pa ra lle l sea rch  o f a ll th e  sub -do m a ins  c o n s t itu t in g  th e  o ve ra ll
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domain. ’
In  the  fo llo w in g  p a ra g ra p h s  we cons ide r bo th  "m in im a l" and "h e a v y "  lin k a g e  
between sub-dom ain  searches and lin kag es  fo r  the  pu rpo ses  o f "p rob lem  
s o lv in g "  a n d /o r  "h y p o th e s is  s tre n g th e n in g " .
5.19 MULTIPLE SUB-DOMAINS -  MINIMAL REFERENCE LINKING SEARCH
Occurrence
This  problem  so lv in g  com ponent is  seen in  Small Business G uidance and 
Telecom Repair S e rv ice .
B r ie f D escrip tion
Sub-dom ains may be s e r ia lly  searched reasonably e f f ic ie n t ly  in  those  cases 
w here  re fe ren ces  to  o th e r  sub -dom ains are  minimal. We su g g e s t th a t  tw o 
re fe rences  from  any one sub-dom ain  to  ano the r re p re s e n ts  th e  u p p e r l im it  
o f "m inim al re fe re n ce  l in k in g " .
D iscussion
The com pletion o f the  search  o f a p a r t ic u la r  sub-dom ain  may re q u ire  
in fo rm a tio n  from  th re e  sources. F irs t, th e re  may be g loba l da ta  a cq u ire d  
a t the  b e g in n in g  o f th e  prob lem  w hich is  re le v a n t to  th e  sub -dom a in  u n d e r
310
PROBLEM S o l v in g  C o k p o n b it s
cons ide ra tion . Second th e re  may be da ta  u n iq u e ly  p ro p e r o n ly  to  th e  
searched sub-dom ain  w h ich  m ust be a c q u ire d  d ire c t ly  a t th e  tim e o f p rob lem  
s o lv in g . In  Small Business Guidance, th e  small businessm an may be asked 
abou t capa c ity  o f d is tr ib u t io n  ve h ic le s  as and when needed d u r in g  
cons ide ra tion  o f "D is tr ib u t io n "  sub -dom ain  issues. T h is  in fo rm a tio n  is  
s u f f ic ie n t ly  ra re ly  re q u ire d  no t to  be in c lu d e d  in  th e  in it ia l co lle c tio n  o f 
co re  global data. As a re s u lt  i t  w ill be a c q u ire d  b y  " re fe re n c e  to  the  u s e r"  
d u r in g  the  search o f th e  D is tr ib u tio n  sub-dom a in .
The th ir d  ca te g o ry  o f in fo rm a tio n , w h ich  is  th e  s u b je c t o f o u r  in te re s t  in  
th is  section, is  d e r iv e d  da ta  re q u ire d  fro m  o th e r  sub-dom ains. Such 
d e riv e d  data may be re a d ily  ava ilab le  as a p a r t ia l re s u lt  o f a p r io r  sea rch  
o f the  o th e r sub-dom ain  o r, i f  the  sub -dom a in  has n o t y e t been searched, 
from  a specia l p a r t ia l search  to  s u p p o r t  th e  c u r re n t  fo c u s -o f-a t te n tio n  
sub-dom ain. Thus, ra th e r  than  " re fe re n c e  to  th e  u s e r" , th e re  is  " re fe re n c e  
to  ano the r su b -do m a in ". N a tu ra lly , th is  cou ld  a c tu a lly  in v o lv e  an in d ir e c t  
"re fe re n c e  to  the  u se r".
For ins tance  in  Telecom Repair S e rv ice  th e  D iagnostic  T es tin g  sub-dom ain  
can o ften  p ro v id e  a com plete d iagnos is  o f a rem ote lin e  fa u lt .  However, in  
c e rta in  cases the  D iagnostic  Q uestion ing  sub-dom a in  m ust be used so th a t  
th e  custom er can p ro v id e  in fo rm a tio n  needed fo r  th e  D iagnostic  T e s tin g . 
For instance, i f  th e re  is  a load hum on th e  lin e  th is  can be caused by mains 
in te r fe re n c e  e ith e r  in  th e  u n d e rg ro u n d  cab les  o r  a t th e  custom ers  p rem ises . 
D iagnostic T es ting  w ould  proceed to  iso la te  th e  fa u lt  up to  the  p o in t w h e re  
i t  was necessary to  ques tion  the  cus tom er abou t th e  in te rn a l cables a t 
h is /h e r  home. Long cab le  ru n s  in  th e  p ro x im ity  o f mains ca b lin g  w ould  be 
a su re  in d ica tio n  o f in te r fe re n c e  in s id e  th e  custom ers prem ises and w ou ld  
enable the  e x p e rt to  re tu rn  and co n tin u e  D iagnostic  T e s tin g  to  an e a r ly
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positive  conclusion.
We sugg es t th a t m inimal re fe re n ce  l in k in g  may be cons ide red  to  ex is t when 
no t more than  tw o lin kag es , e ith e r  fo r  problem  so lv in g  o r  fo r  hypo the s is  
s tre n g th e n in g , a re  made in  any one d ire c tio n  between tw o sub-dom ains. In  
o th e r w ords we fee l th a t "m in im a l" means th a t no one sub -dom a in  re fe rences  
a no the r more than  tw ice  in  th e  so lu tio n  o f a p a r t ic u la r  p rob lem . In  most o f 
w ha t we have seen, in  Telecom R epair S e rv ice  and Small Business Guidance 
and in  o th e r un re p o rte d  tasks , th e re  u su a lly  e x is t o n ly  s in g le  lin ka g e s  
between sub-dom ains w ith  tw o lin k a g e s  be ing q u ite  excep tiona l. T h e re fo re  
o u r  f ig u re  o f " tw o  o r  le ss " seems a reasonable g u id e lin e  fo r  th e  pu rpose  o f 
d e fin it io n .
5.20 MINIMAL SUB-DOMAIN REFERENCE LINKING (PROBLEM SOLVING)
O ccurrence
Th is  problem  s o lv in g  com ponent is  seen in  Small Business Guidance and 
Telecom Repair S erv ice .
B r ie f D escrip tion
In te r-s u b -d o m a in  re fe rences  to  advance the  p ro g re ss  o f th e  prob lem  s o lv in g  
ra th e r  than to  s tre n g th e n  so lu tio n  hypo theses.
312
R ro blem  S o l v in g  C o k p o n b x ts
D iscussion
Most o f th e  sub-dom ain  lin kag es  we have e n co u n te re d  a re  fo r  th e  purposes 
o f p ro v id in g  in fo rm a tion  to  a c tu a lly  a llow  each sub -dom a in  search to  
c o n tin u e  to  i t s  conclusion . We re fe r  to  such lin k a g e s  as "P rob lem  S o lv in g " 
lin k a g e s  to  d iffe re n t ia te  them from  "H yp o th e s is  S tre n g th e n in g "  lin kag es  
d iscussed  in  th e  next section .
5.21 MINIMAL SUB-DOMAIN REFERENCE LINKING (HYPOTHESIS 
STRENGTHENING)
O ccu rrence
T h is  com ponent is  seen in  Telecom Repair S e rv ice .
B r ie f D escrip tion
In te r-s u b -d o m a in  re fe rences  to  s tre n g th e n  o r  "c o n f irm "  so lu tio n  hypo theses 
ra th e r  than  d ire c t ly  advance the  p ro g re ss  o f th e  p rob lem  s o lv in g .
D iscussion
Sometimes a s in g le  phys ica l domain can be am enable to  a n a ly s is  by  two 
d is t in c t  sets  o f know ledge. We have ta k e n  to  r e fe r r in g  to  th is  s itu a tio n  b y  
th e  te rm  "o v e r la p p in g  sub-dom a ins" because th e  "dom ain com petence" o f the  
tw o  se ts  o f sub-dom ain  know ledge is  no t id e n t ic a l b u t  has some areas o f
\
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common app licab ility .
To c la r i fy  th is  sta tem ent we re fe r  to  Telecom Repair S e rv ice  w here  bo th  
D iagnostic  Q uestion ing  o f the  custom er and D iagnostic  T es tin g  on th e  lin e  
can, in  some cases, e q u a lly  and in d e p e n d e n tly  g ive  r is e  to a d iagnos is  o f 
"E a rth  F a u lt"  on one the  cus tom er's  lin e . Th is  is  th e  "a rea  o f o v e r la p " . 
However D iagnostic Q uestion ing  is  th e  sole way to  iso la te  c e rta in  fa u lts  in  
PABXs and D iagnostic T es tin g  is  th e  o n ly  way to  d iagnose the  loca tion  o f 
many u n d e rg ro u n d  fa u lts . These a re  areas o f "n o n -o v e r la p " .
In  Telecom Repair S e rv ice  th e re  is  no abso lu te  p ro o f th a t  a c o r re c t prob lem  
s o lu tio n  has been estab lished . The d iagnos is  w ill o n ly  be p roved  c o r re c t 
when a fau ltsm an a c tu a lly  goes o u t and checks a d is ta n t PABX o r  
u n d e rg ro u n d  cable. (S im ila r ly  in  L ife  U n d e rw r it in g  th e  c o rre c tn e ss  o f the  
u n d e rw r ite r 's  "d ia g n o s is " w ill o n ly  be p roven  when th e  in s u re d  pe rson  d ies 
a t, o r  be fore , the  a c tu a r ia lly  a n tic ip a te d  age.)
S ince the  consequen tia l cos t o f e r ro rs  in  such "d ia g n o s tic  hypo th e se s" is  
h igh  i t  is  o ften  the  p ra c tice  o f e x p e rts  to  use the  "a lte rn a t iv e "  know ledge 
to  "c o n firm "  (o r, more p ro p e r ly , " s tre n g th e n " )  the  d ia g n o s tic  h yp o th e s is . 
Thus, in  Telecom Repair S e rv ice , i t  is  common fo r  an E a rth  F au lt suggested  
b y  D iagnostic  Tes ting  to  be fo llow ed  by a ca ll to  th e  custom er in  w h ich  
c a re fu l D iagnostic Q uestion ing w ill a tte m p t to  p ro v id e  a "p a ra lle l 
c o n firm a tio n "  o f the  hypo thes ised  E a rth  Fault.
Such h yp o the s is  s tre n g th e n in g  re fe re n ce  lin k in g s  between sub-dom a ins 
(even i f  th e y  are o v e rla p p in g ) a re  v e ry  s im ila r in  fo rm  to  problem  s o lv in g  
re fe re n ce  l in k in g s  and we again su g g e s t th a t these can be re g a rd e d  as 
m inimal i f  no one sub-dom ain  re fe re n ce s  ano the r more than  tw ice  in  th e
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so lu tion  of a p a r tic u la r  problem.
5.22 M ULTIPLE SUB-DOMAINS -  HEAVY REFERENCE LINKING SEARCH
O ccurrence
T h is  p rob lem  so lv in g  component is  seen in  Job Shop S ch edu ling  and 
E urobond T ra d in g .
B r ie f D e scrip tion  v,
Heavy re fe re n c in g  between separa te  sub -dom a ins , e ith e r  to  s u p p o r t  problem  
s o lv in g  o r  h yp o th e s is  s tre n g th e n in g , la rg e ly  o ffs e ts  any  advan tages  th a t the  
prob lem  s o lv e r  may gain by  cond u c tin g  s e r ia l sub -dom a in  search .
D iscussion
Both Job Shop S chedu ling  and E u robond T ra d in g  dem onstra te  dense 
re fe re n c e  l in k in g  betw een sets o f k n o w le d g e  w h ich , a lth o u g h  th e y  h ave  a 
la rg e  domain o ve rla p , can be la rg e ly  re g a rd e d  as sepa ra te . In  th e  case o f 
Job Shop S chedu ling  th e  re fe rences are  prob lem  s o lv in g  re fe re n ce s  la rg e ly  
concerned  w ith  c o n s tra in ts  and c o n s tra in t  re laxa tions . In  th e  case o f 
E urobond T ra d in g  the  re fe rences are  p r im a r ily  h y p o th e s is  s tre n g th e n in g  
re fe ren ces  concerned  w ith  con firm in g  th e  c o rre c tn e s s  o f an o ffe re d  o r  b id
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p r ic e  o r  dec is ion  to  buy  o r  sell.
In  bo th  cases th e  denseness o f th e  re fe rences  seems to  la rg e ly  c o u n te ra c t 
th e  advan tages  a cc ru in g  from  se ria l sub-dom ain search . As a re s u lt  the  
p rob lem s become in tra c ta b le  fo r  average  problem  s o lv e rs  and; a c c o rd in g ly , 
th e  o p tim a lity  o f so lu tions  is  re la t iv e ly  low.
5.23 CONCLUSION PHASE COMPONENTS
W here th e re  is no division o f th e  domain in to  sepa ra te  sub -do m a ins  we 
c o n s id e r a ll conc lus ions  to  a co n su lta tio n  to  be "p r im a ry " .  W here severa l 
sub -dom a ins  a re  searched th e re  is  the  p o s s ib ility  th a t  th e  p r im a ry  
conc lus ions  fro m  each o f the  sub-dom ains may, to  a g re a te r  o r  le s s e r ex ten t, 
be com bined to , supp lem ented w ith  o r  replaced by se co n d a ry  conc lus ions. 
T he re  may' also be some lim ite d  aspects o f the  domain w h ich  cann o t be 
cons ide red  on a com partm enta lised sub-dom ain basis and  w h ich  lead to  
conc lus ions  o v e r  and above the  p redom inan t p r im a ry  and seconda ry  
conc lus ions . In  th e  fo llo w in g  p a ra g ra p h s  we cons ide r th e  v a r io u s  fo rm s o f 
conc lus ion  com ponents a r is in g  in  a m u ltip le  sub-dom ain prob lem .
5.24 SECONDARY GRAND CONCLUSIONS
O ccurrence
T h is  com ponent is  seen in  Business Perform ance Assessm ent.
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B rief D escrip tion
A lth o u g h  each sub-dom ain  may have its  own u se fu l p r im a ry  conc lu s io n s  i t  
is  o fte n  th e  seconda ry  conc lus ions w h ich  a re  most va luab le . Such seconda ry  
conc lus ions  a re  based on th e  "sum m ation" o f th e  p r im a ry  conc lu s io n s  and 
a re  n o t o b ta inab le  d ire c t ly  from  th e  problem  sym ptom s.
D iscussion
In some types of prob lem  the separate analyses of a number o f sub -dom a ins  
can a ll c o n tr ib u te  to  im p o rta n t " fe e lin g s "  o r  "sum m ations" abo u t u n d e r ly in g  
p rob lem s a ffe c tin g  the  w hole domain. For in s tan ce , in  Business Perfo rm ance 
Assessm ent th e re  are  v e ry  separa te  ana lyses o f th e  pe rfo rm an ce  o f a 
num ber o f d if fe re n t  bus iness a c tiv it ie s . However, a ll these : bus iness 
a c t iv it ie s  a re  gove rned  b y  the  same bus iness  p o lic y  and th e ir i ana lyzed 
perfo rm ances a ll c o n tr ib u te  to  the  u n d e rs ta n d in g  and assessm ent o f the  
p o lic y . The p o lic y  canno t be accessed o r  m easured d ire c t ly  so i t  m ust be 
eva lua ted  on th e  sum mation o f the  re s u lts  o f a num ber o f pa ra lle l 
in d e p e n d e n t measures on th e  a c t iv it ie s  w h ich  re s u lt  from  its  im p lem enta tion .
Where th is  fo rm  o f p rob lem  so lv in g  com ponent e x is ts , i t  is  u s u a lly  the  
seconda ry  "g ra n d "  conc lus ion  w h ich is  th e  most va luab le  outcom e o f the  
co n su lta tio n . N everthe less, the  in d iv id u a l p r im a ry  conc lus ions a re  essen tia l 
in  th e ir  own r ig h t  s ince  th e y  re fle c t de ta iled  issues p ro p e r o n ly  to  th e ir  
sub-dom ain . They may also show local a b e rra tio n s  w h ich  are  c o n tra ry  to  
th e  o v e ra ll p ic tu re  o f the  problem . Thus, in  Business Perform ance 
Assessment, a hosp ita l may be eva lua ted (as a S econdary Grand C onclus ion) 
as hav in g  excessive sp e n d in g  on fa c il it ie s  a t th e  expense o f p ro p e r  s ta ff in g .
3.
P r o b l e m  S o l v i n g  C o m p o n e n t s
N everthe less, as a p a r t ic u la r  p r im a ry  conclusion, i t  may be show n, in  its  
g e r ia tr ic  u n it,  to  be excessive ly s ta ffe d  a t the  ju n io r  le v e l as a re s u lt  o f 
poo r spec ia lised  fa c ilit ie s  to cope w ith  needs o f o ld  people. T h is  p r im a ry  
conc lus ion  is  in  d ire c t c o n flic t  w ith  th e  conclusion a b o u t th e  h o sp ita l as a 
whole.
I
5.25 MASSIVE COMBINATORIAL CONCLUSION MATRIX
O ccurrence
T h is  com ponent is  seen in  Perm anent Health Insu ra n ce .
B r ie f D e scrip tion
The sha llow  ana lyses o f a num ber o f sub-dom ains can re s u lt  in  a p o te n tia lly  
m assive num ber o f possib le  p r im a ry  conclusion com bina tions. Sometimes the  
re s u lta n t seconda ry  conclusions a re  generated la b o r io u s ly , and somewhat 
u n re lia b ly , fo r  each o f the  com binations.
D iscussion
We have a lre a d y  d iscussed global da ta  co llection  and in it ia l p rob lem  ana lys is  
as sepa ra te  to p ic s  above. However th e re  is  a ca te g o ry  o f " p r im a ry  se a rch " 
w h ich  is  l i t t le  more than  in it ia l da ta  co llection . I t  is  th e n  fo llow e d  by  
secon da ry  "m assive  com b ina to ria l" conc lus ions w h ich  we d iscu ss  below.
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Perm anent Health In s u ra n c e  is  the  p a r t ic u la r  example and we a re  aw are o f 
o th e r  ta sks  w h ich , a lth o u g h  we have no t in v e s tig a te d  them  in  d e ta il as w ith  
Perm anent Health In su ra n ce , we are conv inced  w ould  p ro v id e  e q u a lly  good 
examples. In  such ta sks  a num ber o f sub -dom a ins (o fte n  more th a n  f iv e  o r  
s ix ) a re  ana lyzed a t a fa ir ly  t r iv ia l le ve l (ie  ju s t  one s tage  rem oved from  
th e  co lle c tio n  o f raw  data) to  p roduce  a s t r in g  o f s im p le  p r im a ry  
conc lus ions. To quo te  from  Perm anent Health In s u ra n c e , th e  c o u n try  o f 
res idence  o f th e  a p p lic a n t fo r  in su ra n ce  w ill be ana lyzed  in to  ju s t  th re e  
ca tego ries  -  Normal, R isk and Extreme R isk. (As examples bo th  Korea and 
Mexico w ould be in  th e  "R isk " ca te g o ry , the  fo rm e r due to  r is k  from  
te rro r is m  o r  w a rfa re  and the  second because n o rm a lly  o c c u r r in g  medical 
co n d itio n s  w ou ld  be u n lik e ly  to rece ive  adequate tre a tm e n t. I ra n  and 
Pakistan w ou ld  be in  th e  "H igh  R isk" ca te g o ry  fo r  s im ila r, b u t  more extrem e, 
reasons.)
The num ber o f poss ib le  secondary conc lus ions  from  com b ina tions  o f the  
s t r in g  o f p r im a ry  f in d in g s  is  extrem e ly la rg e  and, in  o u r  in v e s tig a t io n  o f 
Perm anent Health In su ra n ce , we fo u n d  th a t  each se t o f com b ina tions  wasp 
d e a lt w ith  from  f i r s t  p r in c ip le s . T h is  p rocess was ex tre m e ly  tim e-consum ing :?  
and, s ince  much guessw ork  and ju d g e m e n t was in v o lv e d , th e re  w ere  many 
anomalies in  the  es tab lished  conclus ions. P rev ious  conc lus ions  w ere
reco rded  and common se ts  o f com binations w ere  well know n. For in s ta n ce s  
most o f th e  cases w here  all fa c to rs  w ere "n o rm a l"  (ie  h e a lth y , UK, 
n o n -d a n g e ro u s  o ccu p atio n  e tc ) were s im p ly  and  re lia b ly  ju d g e d  on age and  
le ve l o f income assured .
As a re s u lt,  p ro v id e d  th a t  the  p r im a ry  conc lus ions  can be e s ta b lish e d  and 
th e  com b ina to ria l ru le s  estab lished , th e  "co m b in a to ria l c o n c lu s io n " com ponent 
o f occupa tiona l p rob lem  so lv in g  is  one o f th e  most s u ita b le  fo r  p ro d u c tiv e
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e x p e r t sy stem s s u p p o rt.
5.26 LIMITED OVERARCHING CONCLUSIONS
O ccurrence
Th is  com ponent is  seen in  A u d it W ork P lann ing.
B r ie f D escrip tion
Even w here  a domain can be ana lyzed as a se t o f sepa ra te  sub -dom a ins  
th e re  w ill u s u a lly  be a lim ite d  num ber o f conclusions (o r  s o lu tio n s ) w h ich  
can o n ly  be fo u n d  b y  co n s id e r in g  fa c to rs  from  th e  domain as a whole. 
Sometimes such conc lus ions  o f fe r  th e  on ly  problem  s o lu tio n .
D iscussion
In  c ru d e  te rm s "L im ite d  O ve ra rch in g  C onclusions" a re  those  conc lus ions  
w h ich  are  le f t  o v e r when e v e ry th in g  else has been t id i ly  d e a lt w ith  on a 
se ria l sub-dom ain  basis. Such o v e ra rc h in g  conclus ions a re  n o t n e c e s s a rily  
any more im p o rta n t than  th e  p r im a ry  conclusions fo u n d  in  th e  sub-dom a in  
searches. In  some cases th e y  may be based on a m ix tu re  o f p r im a ry  
prob lem  data  and p r im a ry  conc lus ions  b u t th e y  are n o t re a lly  seconda ry  
conclus ions. They are  ju s t  th e  u n t id y  issues rem a in ing  when th e  re s t o f 
th e  domain has been ana lyzed in  an o rd e r ly  com partm en ta lised  basis.
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In  o u r  d iscuss ion  o f A u d it  W ork P lann ing  we have a lrea dy  p ro v id e d  a good 
example o f such o v e ra rc h in g  conc lus ions. We have also e nco un te red  
o v e ra rc h in g  conc lus ions in  th e  ana lys is  o f  c e rta in  e le c tro n ic  equ ipm en t 
d ia g n o s tic  tasks  w here  a fa u lt  has no t been fo u n d  desp ite  the  sepa ra te  and 
m eticu lous ch e ck ing  o f a ll th e  c ir c u it  sub-assem blies . A t th is  s tage  the  
te ch n ic ia n  has conc luded  th a t, a lth o u g h  each sub-assem b ly  is  "w ith in  
s p e c ific a tio n ", th e re  may be an in te ra c t io n  between sub-assem blies w h ich  are  
se p a ra te ly  a t "o p p o s ite  e n d s " o f th e ir  s p e c ific a tio n  to le rance. (F o r in s tance , 
in  some w o rk  on Pulse Code M odulation equ ipm en t, t im in g  to le rances  o f code r 
and decoder boa rds w e re  bo th  w ith in  th e  s p e c ifie d  lim its  b u t th e  te ch n ic ia n  
had noticed th a t th e  co d e r board  was near th e  lo w e r lim it  and th e  decoder 
board  a t the  h ig h e r  lim it.  A t th is  "w o rs t case" s itu a tio n  th e y  w ou ld  no t 
w o rk  s a t is fa c to r ily  w ith  each o th e r.)
In  such cases th e  o v e ra rc h in g  conc lus ion  becomes the  f in a l and v ita l 
conc lus ion  to  the  ta s k  w hereas in  A u d it W ork P lann ing  such o v e ra rc h in g  
conc lus ions are  o f s im ila r  (o r  le sse r) s ta tu s  to  a ll o th e r conc lus ions.
5.27 POST-SEARCH CONSTRAINED CONCLUSION (INSTITUTIONALISED)
O ccurrence
T h is  com ponent is  seen in  L ife  U n d e rw r it in g .
B rie f D escrip tion
A llow ing  the  prob lem  s o lv e r  to  p ro v id e  a " le ss  a ccu ra te " s o lu tio n  than  is
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a c tu a lly  poss ib le  (o r  o f fe r in g  the  op tion  to  dec line  th e  o p p o r tu n ity  o f 
s o lv in g  the  prob lem ) is  a common way o f in c re a s in g  p rob lem  so lv in g  
p ro d u c t iv ity .
D iscussion
We have a lre a d y  seen how o rgan isa tion s  allow problem  s o lv e rs  to  cope w ith  
o th e rw is e  unm anageable problem s by  a r t i f ic ia l ly  c o n s tra in in g  th e  p rob lem  to  
ju s t  p a r t  o f th e  domain. In  th e  same way i t  is  poss ib le  to  ease th e  prob lem  
s o lv e rs  ta sk  b y  increasing th e  g ra in  size o f the  conc lus ions  a llow ed to  him 
o r  he r. Thus, a lth o u g h  a problem  s o lv e r m igh t s tru g g le  and e v e n tu a lly  
succeed in  p ro v id in g  a v e ry  "a c c u ra te " problem  ana lys is , a q u ic k e r  and less 
a ccu ra te  ana lys is  w ill o fte n  s u ffic e  fo r  h is  o rgan isa tion .
Perm anent Health In s u ra n c e  and L ife  U n d e rw r it in g  p ro v id e  an in te re s t in g  
c o n tra s t. In  bo th  cases s im ila r de ta ils  are ava ilab le  to  th e  u n d e rw r ite r  
(Age, Health, O ccupation, S p o rts  e tc ) and in  the  fo rm e r, as we have a lre a d y  
d iscussed , an "a c c u ra te "  p re d ic t iv e  in te rp re ta tio n  is  a ttem p ted . In  the  
la t te r  th e  re q u ire m e n t is  almost reduced to  an "A c c e p t"  o r  "R e fuse " 
dec is ion . ("A cce p t a t in c re a se d " ra tes  is  also used b u t  w ith  o n ly  tw o  o r  
th re e  poss ib le  in c reased  ra te s .) In  such cases the  b u rd e n  on th e  dec is ion  
m aker is  bo th  reduced  by  th e  s im p lic ity  o f the  c a te g o risa tio n  and also 
m anagem ent's in s tru c t io n  to  " fa i l sa fe". Th is the  u n d e r w r ite r  fo r  Perm anent 
Health In s u ra n c e " is  ob lig ed  to p ro v id e  a quo ta tion  in  n e a rly  a ll cases 
w hereas the  L ife  u n d e rw r ite r  is  in s tru c te d  to  dec line  d o u b tfu l cases. Speed 
o f p rob lem  s o lv in g  is  more im p o rta n t than accuracy (o r  maximum c a p tu re  o f 
bu s iness) in  ta sks  ch a ra c te rise d  b y  in s t itu t io n a lly  co n s tra in e d  conc lus ions .
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5.28 LOCAL OPPORTUNISTIC CONCLUSIONS
O ccurrence
T h is  problem  s o lv in g  com ponent is  dem onstra ted  in  E n g in e e rin g  P re v e n ta tiv e  
Maintenance.
B r ie f D e scrip tion
Follow ing s o lu tio n  to  th e  p r im a ry  problem  th e  in fo rm a tio n  d iscove red  to  
enable th a t s o lu tio n , o r  th e  p hys ica l s itu a tio n  p resen ted  b y  the  p ro ce d u re s  
u n d e rtake n , may allow  f u r th e r  conclus ions to  be made on an " in e x p e n s iv e " 
o p p o r tu n is t ic  basis.
D iscussion
We have o n ly  one in s ta n ce  o f th is  com ponent a lth o u g h  we fee l i t  l ik e ly  th a t  
i t  p ro b a b ly  e x is ts  in  s im ila r  mechanical d ia g n o s tic  ta s k s  to  E n g in e e rin g  
P re ve n ta tive  M aintenance. We have had o n ly  a s in g le  o p p o r tu n ity  to  
in v e s tig a te  a "m echan ica l" task  and th is  is  p ro b a b ly  w hy o n ly  a s in g le  
ins tance  o f th is  com ponent has been found .
A lthough  we have in fo rm a lly  c lass ified  Local O p p o rtu n is t ic  C onclusions 
to g e th e r w ith  o th e r  seconda ry  conclus ion  phase com ponents fo llo w in g  
m u ltip le  sub -dom a in  search , i t  could also e as ily  e x is t as an a d ju n c t to  s im ple 
s in g le  domain search as seen in  Commercial Business U n d e rw r it in g  and
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F ore ign  Exchange Exposure.
In  E n g in ee ring  P re v e n ta tiv e  M aintenance the  d ia g n o s tic ia n  is  o b lig ed  to  
disassem ble equ ipm en t in  o rd e r  to  re c t i fy  the  p r im a ry  com ponent fa ilu re . 
S im ila rly , th e  exam ination o f th e  mechanisms re la ted  to  th e  fa ile d  com ponent 
p ro v id e s  him w ith  im m ediate v isu a l clues to  th e  abnorm al wear o r  
m a lad jus tm ent o f com ponents in  the  v ic in ity  o f th e  fa ilu re .  Such 
o p p o rtu n it ie s  o f access and c o s t- fre e  d ia gno s tic  c lu es  p ro m p t th e  
d iagno s tic ian  to  make conc lus ions  as to  the  need fo r  a d d itio n a l f u r th e r  w o rk . 
T h is  w o rk  is  u su a lly  then  im m edia te ly unde rtaken  as p a r t  o f th e  o v e ra ll 
m aintenance in te rv e n tio n .
Analogous examples o f Local O p p o rtu n is t ic  Conclusions fro m  o th e r  domains 
a re  easy to  dem onstra te . F o r in s tan ce  the  p r im a ry  a c t iv i ty  o f an a u d ito r  
is  to  exp lo re  a com pany's f in a n c ia l and o th e r re co rd s  in  o rd e r  to  v e r ify  
th e ir  accu racy. However, d u r in g  th is  process many o th e r  fa c ts  a re  
d iscove red  and o b se rva tio n s  made w h ich can be o ffe re d  as "v a lu e  added" 
a d d itio n s  to  th e  f irm  u n d e rg o in g  the  aud it. Such a d d it io n s  e s s e n tia lly  
com prise  an a g g re ga tion  o f Local O p p o rtu n is tic  C onclusion com ponents.
5.29 FEEDBACK PHASE COMPONENTS
In  many problem  s o lv in g  s itu a tio n s  the  " fin a l re s u lts "  a re  e va lua ted , e ith e r  
fo r  th e ir  consequences on th e  o v e ra ll domain o r, as a sepa ra te  assessm ent 
a c t iv i ty  by  th e  prob lem  s o lv e r. I f  such " f in a l re s u lts "  a re  fo u n d  to  be in  
some way u n s a tis fa c to ry , th e  prob lem  so lv ing  cyc le  is  repea ted  in  an a tte m p t 
to  f in d  a b e tte r  so lu tion .
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5.30 LOCAL RESULT GLOBAL FEEDBACK 
O ccurrence
Th is  problem  so lv ing  com ponent is  seen in  M u ltin a tio n a l Tax P lann ing .
B r ie f D escrip tion
"G lobal e v a lu a tio n " is  an e ffe c tiv e  and re la t iv e ly  easy way o f e lim in a tin g  any  
s e r io u s ly  non-optim a l consequences a r is in g  fro m  in s t i tu t io n a lly  co n s tra in e d  
(o r  loca lised) problem  s o lv in g .
D iscussion
We have a lrea dy  seen in  M u ltin a tio n a l Tax P lann ing  th a t  search is  re s tr ic te d  
to  an a r t i f ic ia l ly  co n s tra in e d  sub-dom ain  as a means o f m aking th e  problem  
tra c ta b le  to  the  e xp e rt. The concom itan t re q u ire m e n t is  to  su b m it any 
conc lus ions based on th is  re s tr ic te d  search to  an e va lua tio n  based on th e  
e ffe c t o f the  proposed so lu tio n  on th e  o v e ra ll domain. T h is  is  th e  problem  
s o lv in g  com ponent w h ich  we re fe r  to  as Local R esu lt Global Feedback. I f  
the  e ffe c t o f the  local re s u lt  has some unexpected  nega tive  e ffe c t in  the  
g lobal co n te x t then the  prob lem  s o lv in g  c y c le  is  re -s ta r te d  in  th e  l ig h t  o f  
th is  new in fo rm a tion .
Local R esult Global Feedback is  a v e ry  common com ponent o f co rp o ra te  
problem  s o lv in g  espec ia lly  w here  th e  problem  s o lv in g  is  d is tr ib u te d  between 
a g ro u p  o f problem  s o lv e rs  who may be unaw are  o f th e  g lobal consequences 
o f th e ir  local decis ions. U n fo r tu n a te ly  th e  tim e de lays  and la ck  o f r ig o u r
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app lied  in  such s itu a tio n s  o fte n  mean th a t the  "n e g a tiv e  fe e d b a ck " o fte n  
a r r iv e s  too la te  o r  u n re lia b ly  fo r  i t  to  p re v e n t local dec is ions  h a v in g  th e ir  
adve rse  o ve ra ll a ffe c ts .
5.31 FEEDBACK FROM CONCLUSIONS AS INPUT FOR ITERATIVE SOLUTION
O ccurrence
T h is  problem  s o lv in g  com ponent is  seen in  A u d it W ork P lann ing .
B rie f D escrip tion
"N o n -s c ie n tif ic "  prob lem  s o lv e rs  can usua lly  recogn ise  a good (o r  bad) 
so lu tion  more re lia b ly  than  th e y  can generate  one. T h is  com ponent u t il is e s  
th is  a b il i ty  as p a r t  o f an i te ra t iv e  problem  so lv ing  cyc le .
D iscussion
I t  is  o ften  eas ie r to  recogn ise  a "g o o d " so lu tion  than  to  gene ra te  one. In  
p a r t ic u la r  we have noticed th a t  problem  so lve rs  from  dom ains w h ich  do no t 
have a "s c ie n t if ic  m ethod", p r im a r ily  f in a n c ia l . dom ains, tend  to  use an 
ite ra t iv e  method o f problem  so lu tio n  to  a tta in  a re s u lt  w h ich  s a tis fie s  them . 
"S c ie n t if ic "  prob lem  s o lv e rs  te n d  to  w o rk  th ro u g h  a p rob lem  once, a p p ly in g  
s c ie n tif ic  o r  q u a s i-s c ie n t if ic  p r in c ip le s , and a r r iv e  a t a f in a l so lu tio n  a t 
th e ir  f i r s t  a ttem p t. Any "e xp e rim e n ta tio n " is  done w ith in  th e  p rob lem  
so lv in g  by use o f embedded "h yp o th e s ise  and te s t"  m ethods.
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In  c o n tra s t problem  so lve rs  from  "n o n -s c ie n t if ic "  domains o fte n  w o rk  
com ple te ly  th ro u g h  a problem  and, once an e n d - f in d in g  is  es tab lishe d , a p p ly  
an o ve ra ll eva lua tion  as to  its  "c o rre c tn e s s " . A u d it  W ork P lann ing  showed 
th is  problem  so lv in g  com ponent to  a m arked degree. O the r in v e s tig a te d  
ta sks  (eg Small Business G u id an ce) also showed i t  to  a le sse r e x te n t 
a lth o u g h  i t  has no t been sp e c ia lly  h ig h lig h te d  in  th e  ana lyses o f these 
tasks.
I te ra t iv e  Feedback also p lays  a p a r t ic u la r  ro le  w here  th e  problem  s o lv e r has 
made an in it ia l p roblem  ana lys is  and has p e rha ps  in a p p ro p r ia te ly  focused 
th e  problem . On th e  second ite ra t io n , based on th e  awareness o f the  f i r s t  
outcome, the  problem  s o lv e r is  able to  make a fa r  more optim um  focus in g  o f 
th e  problem .
We suggest th a t prob lem  so lve rs  may have a t le a s t tw o  s o rts  o f know ledge. 
P r im a rily  th e y  have know ledge abou t "h o w " to  so lve  a problem . Secondly 
th e y  have know ledge abou t "w h a t"  is  a good s o lu tio n . T h is  la t te r  know ledge 
may be in  the  form  o f a re p e r to ire  o f  known good s o lu tio n s  w h ich  th e y  can 
compare w ith  the  c u r re n t  te n ta tiv e  so lu tio n . A s im ila r  fo rm  o f know ledge 
has also been recogn ised  in  e xp e rts  fo r  Job Shop S chedu ling . Many 
sched u le rs  a re  re p u te d  to  be able to  recogn ise  a "g o o d " schedu le  even 
a lth o u g h  th e y  have g re a t d i f f ic u l ty ,  o r  f in d  i t  im poss ib le , to  genera te  one.
5.32 TOWARDS A GENERAL MODEL OF PROBLEM COPING
The se ries  o f d iagram m atic re p re s e n ta tio n s  o f p rob lem  so lv in g  com ponents 
b u i l t  up in  C hapter 3 combined w ith  A p pend ix  C w ou ld  seem to  have some
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a d d itio n a l va lue  in  th a t th e y  m igh t fo rm  th e  b e g in n in g s  o f a ra th e r
p a r t ic u la r  genera l model o f occupa tiona l prob lem  so lv in g . Such model cou ld  
be rega rded  as o rthogona l to  o th e r  models, such as th e  KADS in te rp re ta t io n  
models. Such o th e r  models a re  p r im a r ily  conce rned  w ith  th e  prob lem  s o lv in g  
know ledge associated w ith  the  task . In  c o n tra s t a model based on the  
s tra te g ic  le ve l com ponents re p o rte d  in  th is  th e s is  is  m o re -o r- le s s  w h o lly  
concerned  w ith  th e  s tra te g ie s  used b y  e x p e rts  to  cope w ith  lim ita tio n s  in  
th e ir  own c o g n it iv e  processes. N on-experts , unaw are o f such s tra te g ie s  
even th o u g h t th e y  may have o th e r  know ledge (re p re s e n te d  in  e x is tin g
models) re le v a n t to  the  tasks, m igh t well be defeated b y  them o r  w ould
u n d e rta k e  them in  a v e ry  p ro tra c te d  and in e f f ic ie n t  fash ion .
Fo llow ing  fu r th e r  in v e s tig a tio n s  o f occupa tiona l prob lem  s o lv in g  tasks  (o r  
th e  re -v is it in g  o f some ta sks  in v e s tig a te d  in  th e  absence o f th e  model), 
le a d in g  to  g re a te r  con fidence  in  a se t o f  com ponents based on those
d iscussed  in  th is  chap te r, th e  model d e r iv e d  from  them cou ld  be used bo th  
to  ass is t and gu ide  both  know ledge a c q u is itio n  and u n d e rs ta n d in g  re le v a n t 
to  fu r th e r  occupa tiona l tasks.
5.33 PROBLEM SOLVING STRATEGIC LEVEL COMPONENTS: CONCLUSION
T h is  research  has led us to  recogn ise  and propose a p a r t ic u la r  se t o f 
prob lem  s o lv in g  s tra te g ic  le ve l com ponents. Such com ponents are  as 
d e sc rib e d  in  th e  fo re g o in g  sections o f th is  c h a p te r and sum m arised in  
A ppend ix  C. In  some cases the  proposed com ponents have been recogn ised 
on m u ltip le  occasions and, in  o th e r  cases (eg In s titu t io n a lis e d  P re - 
C o n s tra in in g ) o n ly  a s in g le  in s tan ce  is  re p o rte d .
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In  d iscu ss in g  the  com ponents we have shown how prob lem  s o lv e rs  are  
sometimes faced w ith  prob lem s w h ich  are  so la rg e  o r  com plex th a t  th e y  
w ou ld  be unab le  to  cope w ith o u t problem  s o lv in g  be in g  cond uc te d  us ing  the  
s tra te g ic  com ponents as described . In  p a r t ic u la r  we note  th a t  a p r im a ry  
pu rpo se  o f th e  com ponents is  to  p ro v id e  th e  p rob lem  s o lv e r  w ith  a series 
of small searches, w ith  w h ich  th e y  can cope. W here such  com ponents cannot 
be used, and th e  search o r  i t s  re s u lts  cann o t be co n s tra in e d , o r  w here  i t  
is  im poss ib le  to  adequate ly  d iv id e  up the  search , th e n  th e  una ided  problem  
s o lv e r  w ou ld  seem to  have severe  d if f ic u lt ie s  in  co p in g  w ith  th e  problem s 
w ith  w h ich  he o r  she is  p resen ted .
As we d iscu ss  in  C hapte r 7, i t  may be th a t  some v e ry  w o rth w h ile  
know ledge-based  system s o p p o rtu n it ie s  e x is t in  ju s t  those  areas w here 
humans a re  n o t able to  "d iv id e  and c o n q u e r" th e  p rob lem . The re co g n itio n  
o f the  a p p ro p ria te n e ss  o f such o p p o rtu n it ie s  cou ld  re p re s e n t an im p o rta n t 
a pp lied  outcom e o f th is  research  and cou ld  n o t have a risen  w ith o u t an 
u n d e rs ta n d in g  o f the  s tra te g ic  com ponents and th e ir  lim ita tio n s  re p o rte d  
here.
In  an a tte m p t to  genera lise  o u r  f in d in g s  we m ust recogn ise  tw o  im p o rta n t 
lim ita tio n s  to  o u r  proposa ls  in  respec t o f  p rob lem  s o lv in g  s tra te g ic  leve l 
com ponents.
F irs t,  a lth o u g h  we have in v e s tig a te d  a reasonab le  se lec tion  o f occupa tiona l 
tasks , i t  w ou ld  re q u ire  many more task  in v e s tig a t io n s  to  dem onstra te  th a t 
the  com ponents we propose occu r g e n e ra lly  in  occup a tiona l p rob lem  so lv ing .
Second, i t  is  ra th e r  u n lik e ly  th a t  the  s tra te g ic  le ve l p rob lem  so lv in g  
com ponents describ ed  in  the  above p re v io u s  se c tion s  fo rm  a c o rre c t o r
\
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exh a u s tive  l is t .  Not o n ly  is  i t  v e ry  poss ib le  th a t  some, o r  most, o f th e
proposed com ponents re q u ire  p a r t ia l re -d e fin it io n  b u t i t  is  in e v ita b le  th a t
th e re  m ust be fu r th e r ,  as y e t un proposed com ponents e x is tin g  in  
occupa tiona l tasks  no t in v e s tig a te d  d u r in g  the  coursé  o f th is  w o rk .
But, s e ttin g  aside fo r  th e  moment th e  issues o f th e  c o rre c tn e ss  o r
com pleteness o f th e  proposed com ponents, w ha t is  th e ir  academic o r  
commercial value? In  the  above p a ra g ra p h s  we have above suggested  th a t, 
fo llo w in g  fu r th e r  ta sk  in v e s tig a tio n s , a re fin e d  taxonom y o f ta s k  com ponents 
a long th e  lin e s  o f those proposed he re  cou ld  be used as th e  basis o f a 
model to  s u p p o rt know ledge a c q u is itio n  and u n d e rs ta n d in g  o f o th e r  
occupa tiona l problem  so lv in g  tasks . T h is  issue  is  exp lo red  fu r th e r  in
Section 7.3 as p a r t  o f a com m entary on the  poss ib le  re levance  o f th is  
resea rch  to KADS.
Such an app lied  usage would be a use fu l secondary  outcome o f th is  
research . The problem  s o lv in g  s tra te g ic  le ve l com ponents' sum m arised in  
th is  c h a p te r were no t so u g h t as an in it ia l o b je c tiv e  to  th is  research  b u t 
w ere  recogn ised, and then  fo rm a lised , as a d ire c t  re s u lt  o f o u r  o b je c t iv e  to  
u n d e rs ta n d  how occupationa l problem  so lve rs  coped w ith  complex problem s. 
However, the  fa c t th a t such o b je c tiv e  has led  us to  beg in  to  fo rm a lise  a new 
model o f problem  so lv in g  (o r, pe rhaps  more c o rre c tly , a model o f  prob lem  
c o p in g ) could, we believe, p ro v id e  a use fu l tool fo r  bo th  th e  academic and 
commercial in v e s tig a to r  o f o ccu p atio n a l prob lem  s o lv in g .
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CHAPTER 6 -  FACTORS FOR EXPERT SYSTEMS FE A S IB IL ITY  SUCCESS OR 
FAILURE
6.1 INTRODUCTION
T h is  c h a p te r o f fe rs  the  la s t o f the  th re e  p e rs p e c tiv e s  based on th e  f in d in g s  
o f C hap te r 3 and p ro v id e s  a more com plete exam ination o f  th e  fa c to rs  th a t  
a f fe c t w h e th e r a p o ten tia l e xp e rt system s p ro je c t w ill move fo rw a rd  to  an 
im p lem enta tion  th a t w ill be o f business b e n e fit  to  th e  spon so r.
The a u th o r  has been reasonab ly success fu l in  h is  com m ercial e x p e rt system s 
w o rk . N everthe less, he has in v e s tig a te d  many e x p e rt sys tem s o p p o rtu n it ie s  
w h ich  have n e ve r proceeded to  im p lem entation and, even w h e re  a system  has 
been deve loped, th is  has no t a lways re s u lte d  in  i t s  lo n g  te rm  usage fo r  th e  
b e n e fit  o f th e  sponsor. Using the  f in d in g s  o f C h a p te r 3 th is  c h a p te r 
d iscusses those  fa c to rs  w h ich p red ispose  to  th e  fe a s ib il i ty ,  success o r  
fa ilu re  o f a p o te n tia l e x p e rt system s p ro je c t.
The c h a p te r commences w ith  th re e  d if fe re n t  d im ensions o f fe a s ib il ity .  F irs t,  
is  i t  te c h n ic a lly  feas ib le  a c tu a lly  to  b u ild  a proposed e x p e rt  system ? In  the  
main th is  section  concen tra tes  on w h e th e r o r  n o t th e  supposed e x p e rt 
know ledge a c tu a lly  ex is ts  and can be a c q u ire d . Second, is  i t  poss ib le  to  
c o n s tru c t o r  p ro v id e  an e x p e rt system  in  th e  o rg a n is a tio n a l c lim ate o f th e  
sponsor?  T h ird , even i f  a system  is  fe a s ib le  and a p p ro p r ia te  fo r  th e  
o rg a n isa tio n , w ill i t  be cost e ffe c tiv e  to  im plem ent and , p ro b a b ly  more 
im p o rta n t, to  m ainta in? Th is  la s t issue  co n tin u e s  to  be th e  key s tu m b lin g  
b lock  fo r  most p ro je c ts  and w ill be cons ide red  in  some d e ta il.
Fou r f u r th e r  sp e c ific  issues are then  cons ide red . T he y  a re  examined as
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specia l to p ics  because o f th e ir  im portance  to  o v e ra ll system s fe a s ib il ity .  The 
issues concern  know ledge a cq u is itio n , use r in te rfa c e s , "e x p e r t-u s e r  
ap p ro p ria te n e ss , and hardw are .
F in a lly , th e re  appea r to  be tw o p o te n tia lly  v e ry  f r u i t f u l  a reas o f com mercial 
e x p e rt system s o p p o r tu n ity  w h ich re q u ire  to  be se p a ra te ly  id e n t if ie d  and 
d iscussed . We re fe r  to  these as "com m unica tive  e x p e rt sys te m s" and 
"c o rp o ra te  know ledge  system s" and th e y  fo rm  th e  f in a l p a r t  o f  th is  c h a p te r 
be fo re  a s h o r t  c o n c lu d in g  summary.
T he re  have been many v e ry  able and ded ica ted  w o rk e rs  in  th e  e x p e rt 
system s f ie ld . N everthe less, the  sum to ta l o f a c tive  e x p e rt system s in  
commerce and in d u s t r y  is  low. In  many cases p ro je c ts  have fa ile d  no t on 
the  bas is  o f th e  s k il l  o f the  im p lem entor no r from  lim ita tio n s  in  th e  ava ila b le  
fu n c t io n a lity  o f  th e  techno logy. O the r issues are  u s u a lly  re s p o n s ib le  fo r  
e x p e rt system s success o r  fa ilu re  and i t  is  the  ta sk  o f th is  c h a p te r  to  o rd e r  
and d e sc rib e  those  encoun te red  in  th is  research  so th a t th e y  may be d u ly  
cons ide red  b y  o th e r  w o rke rs  in  advance o f e x p e rt system s p ro je c ts .
6.2 FUNDAMENTAL ISSUES OF SYSTEMS FEASIBILITY
T h is  section  co n s id e rs  fundam enta l techn ica l issues w h ich  can p ro h ib it  th e  
deve lopm ent o f an e x p e rt system. I t  w ill be noticed  th a t  "a v a ila b il i ty  o f 
know ledge" is  th e  key issue u n d e r ly in g  all excep t the  la s t  o f  th e  to p ic s  in  
th is  section . The a u th o r in  re v ie w in g  th is  section conc ludes th a t,  a lth o u g h  
i t  has sometimes been d i f f ic u l t  o r  labo rious , he has n e v e r la cked  the  
tech n o lo g y  to  im plem ent a system p ro v id e d  th a t  s tab le , re lia b le  know ledge 
was ava ila b le  a t th e  ou tse t.
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P erhaps th is  is  a s a lu ta ry  lesson to  those who w ould  p o in t to  th e  need fo r  
sm a rte r and more complex too ls  as the  ro u te  to  su ccess fu l com m ercial e x p e rt 
system s. Where th e  techno logy  is  in adeq ua te  i t  is  fo r  much more 
fundam en ta l reasons, such as the  in a b il i ty  to  u n d e rs ta n d  co n tin u o u s  speech 
(as m entioned w ith  re fe re n ce  to  Small Business G uidance in  th e  d iscuss io n  
a t th e  end o f th is  section  on the  need to  des ign  "s u b s t itu te "  fu n c t io n a li ty )  
ra th e r  than  th e  more im m ediate e x p e rt system s reasons.
La rge  Problem Space and Few Examples o r  P r in c ip le s
Perm anent Health In s u ra n c e  p ro v id e s  the  c lass ic  case o f th is  p rob lem . The 
p o te n tia l num ber o f com binations o f age, hea lth  s ta tu s , occup a tion , r is k ,  . 
c o v e r e tc  is  enorm ous and th e re  was no chance o f in v e s t ig a t in g : a n y th in g  > 
more th a n  a fra c t io n  o f these cases. I t  was v e ry  l ik e ly  th a t, had th is  been • 
done, th e  e x p e rt w ould have e ith e r  no t have expe rienced  th e  case in  th e  
pa s t o r  w ou ld  no t have been able to  reca ll i t .
( In  a n t ic ip a t in g  some o f the  co n te n t o f Section 6.9 we m ig h t su g g e s t th a t  
Perm anent Health In s u ra n c e  rem ains in  th e  p ro v in c e  o f Know ledge C re a to r 
E xp e rts  and th a t such e xpe rts , who are p r im a r ily  s o lv in g  nove l prob lem s, 
a re  u n d e rta k in g  the  s o r t  o f " in te l l ig e n t"  a c t iv i ty  eva lua ted  in  in te llig e n c e  
te s ts  and assessm ents. However, e x p e rt system s c u r re n t ly  a re  d ire c te d  a t 
p rob lem  s o lv in g  ta sks  w here the  search space has been re la t iv e ly  w e ll 
e xp lo red  o r th e  prob lem  so lv in g  is  based on p r in c ip le s  th a t  can be 
es tab lishe d  on know ledge a cq u is itio n  from  th e  e x p e rt.)
In  th e  case o f Perm anent Health In su ra n ce  we a ttem p ted  to  e s ta b lish  th e  
p r in c ip le s  upon w h ich  th e  e x p e rt w orked  in  o rd e r  to  com bine th e  v a r io u s
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r is k  fa c to rs . (Such p r in c ip le s  would, o f course , p ro v id e  th e  bas is  o f a ru le  
se t to  deal w ith  r is k  fa c to r  com binations.) However, when a sam ple se t o f 
h y p o th e tic a l cases was in v e s tig a te d  i t  was im possib le  to  g e t a n y th in g  lik e  
a reasoned eva lua tio n  o f r is k .  Ins tead  the  u n d e rw r ite r  w ou ld  cla im  th a t  the  
s ta ted  case was "som eth ing  lik e "  a no the r case o r  w ou ld  s ta te  th a t  f u r th e r  
in v e s tig a tio n s  w ere necessary. I t  cou ld  be a rgue d  th a t  th is  was a 
ju s t i f ic a t io n  fo r  a case-based reason ing  system . However, th e  a u th o r  is  fa r  
from  conv inced  th a t th is  would be use fu l. In  fa c t, as s ta te d  in  C h ap te r 3, 
he sugg es ts  th a t  the  u n d e rw r ite r  was a c tin g  as a "w ise  and u n q u e s tio n e d " 
a u th o r ity  who made decis ions on a reasonable b u t f a i r ly  a r b i t r a r y  basis.
In  such cases, w here  th e  problem  space is  la rg e  and th e re  a re  few  in s ta n ce s  
and no o p p o r tu n ity  to  a cq u ire  the  p r in c ip le s  upon w h ich  p rob lem  s o lv in g  is  
conducted , i t  seems u n lik e ly  th a t an e x p e rt system  can be b u ilt .  P o te n tia lly , 
i f  th e  spon so r and e x p e rt a re  f ra n k  and coopera tive , such s itu a t io n s  p re s e n t 
an o p p o r tu n ity  to  e x p lic it ly  es tab lish  th e  p r in c ip le s  u n d e r ly in g  th e  ta s k  and 
des ign  a system  to  in c o rp o ra te  these. However, in  so d o ing , th e  e x p e rt 
system  w ould  have moved away from  its  normal ro le  o f s im u la tin g  e x is tin g  
e xp e rtise  and w ou ld  become e q u iv a le n t to  a conve n tiona l system  based on 
th e  ana lys is  o f a business requ ire m en t etc. T h is  is  a v a lid  use o f e x p e rt 
system s te ch n o lo g y  and is  fu r th e r  d iscussed in  C hap te r 7.
Lack o f Reliable E xpertise
In  th e  la s t case th e  key problem  was " la c k  o f e x p e rtis e ". Even th o u g h  his 
know ledge is  be lieved  to  be v e ry  incom plete , the  "e x p e r t "  in  Perm anent 
Health In s u ra n c e  and s im ila r tasks  is  g e n e ra lly  assumed to  be com peten t and 
h is  dec is ions  go la rg e ly  uncha llenged. However, a sepa ra te  p rob lem  a rises
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when th e  e x p e rt has e xp e rtise  b u t th e  use o f th a t  e x p e rtis e  does n o t 
re lia b ly  end in  a good outcome.
For in s tan ce  in  th e  case o f Eurobond W a rra n t T ra d in g , i t  is  agreed b y  th e  
e xp e rts  them se lves th a t  th e ir  dec is ions lead to  a fa v o u ra b le  fin a n c ia l 
outcome in  o n ly  ju s t  o v e r  50% o f tra d e s  made. T hus  n e a rly  h a lf o f th e  
e x p e rt dec is ions lead to  a fin a n c ia l loss.
Of course, i t  is  accepted th a t an "e x p e r t"  does no t re q u ire  to  be c o r re c t on 
100% o f occasions. However, when th e  " h i t  ra te "  is  l i t t le  more than  evens  
i t  p resen ts  th e  e x p e rt system s b u ild e r  w ith  an im poss ib le  ta s k  to  b u ild  an 
e ffe c tiv e  e x p e rt system . In  the  case o f E urobond W a rra n t T ra d in g  th e re  
were a d d itio n a l fa c to rs , such as the  in s ta b il i t y  o f th e  e x p e rtis e  and th e  
d i f f ic u l ty  o f encod ing  v e rb a l in fo rm a tio n , th a t  made an im p lem enta tion  
in fe a s ib le .
N everthe less, th e  key fa c to r  was the  r e lia b i l i ty  o f th e  e xp e rtise . In  th is  
re sp e c t " r e l ia b i l i t y "  re fe rs  to  the  re lia b i l i ty  o f th e  outcom e ra th e r  than  th e  
re lia b i l i ty  o f th e  e x p e rt. Thus, fo r  any g ive n  s itu a tio n , th e  e x p e rt w ou ld  
re lia b ly  g ive  th e  same a dv ice  (s u b je c t to  th e  " s ta b i l i t y "  issue  d iscussed  
im m edia te ly fo llo w in g ). However, such adv ice  o n ly  p ro v e d  to  be re lia b ly  
c o r re c t (ie  le d  to  p ro f i t )  in  ju s t  o v e r h a lf th e  cases. T h e re fo re  the  e x p e rt  
was co n s is te n t and "know le dgeab le " b u t h is  know ledge cou ld  no t be re lie d  
upon to  p ro v id e  a use fu l outcom e. In  c o n tra s t  th e  e x p e r t  fo r  P e rm a n e n t  
Health In s u ra n c e  e x p e rt lacked  know ledge (ie  was no t know ledgeab le) and 
w ould have been in c o n s is te n t in  h is r is k  eva lua tio ns .
The fin a n c ia l t ra d in g /d e a lin g  arena has a ttra c te d  many know ledge e n g in e e rs  
and sponsors who th o u g h t th a t immense ga ins  cou ld  be made from  e x p e rt
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system s based on th e  know ledge o f e x p e rt tra d e rs  and dea le rs . Much money 
has been w a s te fu lly  in v e s te d  and many ca ree rs  damned b y  these 
endeavours. The re p u ta tio n  o f e x p e rt systems, espec ia lly  in  th e  fin a n c ia l 
com m unity, has been damaged b y  these a c tiv itie s . In  re tro s p e c t i t  is  
d i f f ic u l t  to  see how any w o rth w h ile  e x p e rt system  cou ld  h a v e  been  b u i lt  on 
the  basis o f such u n re lia b le  e xpe rtise .
Lack o f S table E xpe rtise
Eurobond W arran t T ra d in g  p ro v id e s  us w ith  a fu r th e r  p i t fa l l  to  successfu l 
e x p e rt system s im p lem enta tion . Even i f  the  e xpe rtise  e x is ts  (as may no t 
have been th e  case w ith  Perm anent Health In su ra n ce ), and i t  is  re lia b ly  
c o r re c t and e ffe c tiv e  (as was no t th e  case w ith  Eurobond W a rra n t T ra d in g ), 
th e re  is  l i t t le  hope o f im p lem en ting  a w o rth w h ile  e x p e rt system  i f  the  
u n d e r ly in g  know ledge is  ch a n g in g  o r  deve lop ing  from  day to  day.
F inancia l tra d e rs , p o lit ic ia n s  and, perhaps, econom ists seem to  have w hat 
th e y  ca ll a "v ie w "  o f how th e ir  domain w orks. C e rta in ly  in  th e  case o f 
Eurobond W arran t T ra d in g  th e  t ra d e r  adm itted th a t th is  "v ie w "  would 
change and deve lop  on th e  basis o f h is  experience o f th e  m a rk e t and its  
deve lopm ent ( in c lu d in g  th e  changes and developm ents in  o th e r  tra d e rs ) . 
The "v ie w " is  th e  basis on w h ich  the  t ra d e r  opera tes and, e ffe c tiv e ly , 
c o n s titu te s  h is  c u r re n t  se t o f h e u r is tic s  as to  how to  make money from  the  
m arkets.
A p a rt from  th e  d i f f ic u l t y  o f a c tu a lly  c a p tu r in g  the  t ra d e r 's  e x p e rtis e , w h ich 
was a t best u n re lia b le , th e  fa c t  th a t  such e xpe rtise  was c o n t in u a lly  chang ing  
w ould have made an e x p e rt system s im plem entation to ta lly  im possib le .
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Lack o f s tab le  e xp e rtise  is  also a fa c to r  ra ised  u n d e r "Econom ic V ia b ili ty "  
below in  respec t o f Bench top  E lec tron ic  D iagnosis. However, in  such la t te r  
case th e re  was good reason fo r  th e  know ledge  to  change as a re s u lt  o f 
actua l c ir c u i t  m od ifica tions. In  th e  case o f E u robond W arran t T ra d in g  the  
"v ie w "  w ould change w ith  v e ry  much less ju s t i f ic a t io n  and pe rhaps  la rg e ly  
on the  basis o f the  t ra d e r 's  expe rim en ta tion  to  de te rm ine  w h e th e r o r  no t th e  
tra d in g  success ra te  cou ld  be increased  b y  ch a n g in g  h is "v ie w ".
Requirem ent to  Design "S u b s t itu te "  F u n c tio n a litv
I t  is  no t a lways poss ib le  to  re p roduce  th e  s ty le  o f  w o rk in g  un d e rta ke n  b y  
th e  e x p e rt and, in  those cases, successfu l im p lem en ta tion  o r  o th e rw ise  w ill 
depend on th e  a b il i ty  to  des ign  " s u b s t itu te "  fu n c t io n a lity  fo r  th a t  w h ich 
cannot be rep roduced .
*■ .
A good example is  p ro v id e d  b y  Small Business G uidance w here one o f the  
key s k il ls  o f the  e x p e rt bus iness  c o n s u lta n t was to  lis te n  to  the  o u tp o u rin g s  
o f the  businessm an when asked abou t h is  b us iness . The in te rp re ta t io n  o f 
th is  to r re n t  o f m ateria l enabled th e  e x p e rt c o n s u lta n t to  co llec t cons ide rab le  
m ate ria l upon w h ich to  beg in  th e  more s t ru c tu re d  p a r t  o f the  session w ith  
th e  businessm an. (Such in it ia l phase c o n s titu te s  th e  Global Data A cq u is itio n  
and In it ia l Problem A n a lys is  com ponents o f th e  e x p e rt task .)
T h is  problem  was a c tu a lly  overcom e in  th e  im p lem enta tion  o f th e  Small 
Business Guidance e x p e rt system . As d e ta ile d  in  C hapter 3 an in it ia l 
s u p p o r tiv e  d ia logue was conducted  w ith  th e  businessm an use r in  o rd e r to  
ach ieve the  same o b je c tiv e s  as those o f th e  human co n s u lta n t lis te n in g  to  
th e  businessm an. N everthe less, to  be c lear, th e  des igned  " f r o n t  e n d " o f th e
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system  w ith  i t s  eng ag ing  ro u te  maps and feedback  p ro v id e d  a u se r 
in te ra c tio n  w h ich  was v e ry  d if fe re n t  from  th a t o ffe re d  b y  th e  human 
co n su lta n t. T h e re fo re  th e  success o f the  system  depended v e ry  much on 
the  a b il i ty  to  des ign  s u b s t itu te  fu n c t io n a lity  to  th a t  w h ich  cou ld  n o t be 
o ffe re d  by  th e  system .
A lth ough  i t  was poss ib le  to  s u b s t itu te  fo r  a " lis te n in g  c o n s u lta n t"  in  Small 
Business G uidance system  th e  a u th o r cou ld  not ach ieve a s im ila r s u b s t itu t io n  
in  E urobond W a rra n t T ra d in g . T ra d e rs  are re g u la r ly  in  co n ve rsa tio n  and 
any one in d iv id u a l t ra d e r  is  c o n s ta n tly  chang ing  h is  p o s ition  on th e  basis 
o f news and gossip  a cq u ire d  from  o th e r  tra d e rs . T he re  is  no way th a t  any 
c u r re n t ly  e x is tin g  speech u n d e rs ta n d in g  system  cou ld  deal w ith  such v e rb a l 
in p u t.  S im ila rly , how ever in gen ious  and re w a rd in g  i t s  des ign , i t  w ou ld  be 
im possib le  to  fo rc e  the  t ra d e r  to  un d e rta ke  an a r t i f ic ia l d ia logue  w ith  th e  
e x p e rt system  so th a t  he cou ld  encode the  in fo rm a tio n  rece ived  from  o th e r  
tra d e rs . T h e re fo re , in  a d d itio n  to  i t s  severa l o th e r  prob lem s, E u robond  
W arran t T ra d in g  was n o t im plem ented because a v ita l p a r t  o f i t s  
fu n c t io n a lity  cou ld  n e ith e r  be s im ulated no r s u b s titu te d .
I t  is  in te re s t in g  th a t  Job Shop S chedu ling  s u ffe re d  a s im ila r p rob lem  and 
i t  was not poss ib le  to  des ign  s u b s titu te  fu n c t io n a lity .  In  th is  case th e  
"v e rb a l w o rk "  w ou ld  have been unde rtaken  b y  th e  sys tem ’s u se r w h ich  
would have made th e  o v e ra ll system  uneconomic to  im plem ent.
6.3 ISSUES OF ORGANISATIONAL FEASIBILITY
Fundam ental te chn ica l issues  p re v e n t a system be ing  im plem ented how eve r 
s tro n g  the  o rg a n isa tio n a l goodw ill o r  fu n d in g . In  c o n tra s t, o rg a n is a tio n a l
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(and economic) issues can p re v e n t a p ro je c t  ta k in g  place and an e x p e rt 
system s im plem enta tion  be ing  made and dep loyed. Once recogn ised , 
o rg a n isa tio n a l issues can sometimes be co u n te re d  as w ith  L ife  U n d e rw r it in g . 
In  o th e r  cases, such as E n g in ee ring  P re v e n ta tiv e  M aintenance, th is  is  n o t 
poss ib le  and an o th e rw ise  va luab le  p ro je c t  fa ils  to  m atu re. Key issues o f  
o rg a n isa tio n a l fe a s ib il ity  a re  d iscussed  in  th e  fo llo w in g  p a rag rap hs .
E xperts . S ponsors and U sers A d d re ss in g  D iffe re n t Problem s o r  P r io r it ie s
E x p e rt/s p o n s o r mismatch in  p r io r i t ie s  was de tec ted  b y  th e  a u th o r  in  L ife  
U n d e rw r it in g  w here  se n io r u n d e rw r ite rs  (ie  m anagers) w ere  keen to  re fu se  
o r  load the  prem ium s o f the  m in o r ity  o f a p p lica n ts  d e c la r in g  p o te n tia lly  
se riou s  r is k s  (eg dangerous "n o n -h o b b y "  s p o rts , a lcoholism , h is to ry  o f  
tum ours  e tc ) b u t, in  th e  main, w ere  no t in te re s te d  in  th e  m inor r is k s  and 
v a r ia tio n s  p resen ted  b y  th e  b u lk  o f  th e  a p p lica n ts . In  th e  la t te r  case th e y  
w ere keen to  process as many a p p lica n ts  as poss ib le  a t norm al ra tes  and g e t 
them accepted so th a t prem ium s cou ld  s ta r t  f lo w in g  in to  th e  company.
In  c o n tra s t th e  t ra in in g  o f u n d e rw r ite rs  used as e x p e rts  fo r  know ledge 
a cq u is itio n  led  them to  be lieve  th a t  th e y  shou ld  make th e  most accu ra te  
p re d ic tio n  fo r  a ll poss ib le  a pp lican ts . In  fa c t, in  a ra th e r  c h ild is h  d e te c tiv e  
fash ion , th e y  en joyed  d is c o v e rin g  lin k e d  fa c ts  abou t an a p p lic a n t th a t cou ld  
lead  to an e a r ly  d ea th  (eg  th e  p o te n tia lly  Su ic idal " th in  te a c h e r ty p e "  
m entioned C hap te r 3). Such m atte rs  w ere o f no in te re s t  to  the  more s e n io r 
u n d e rw r ite rs  who rea lised  th a t an allow ance fo r  a p ro p o rt io n  o f such cases 
was a lready  covered  in  th e  s ta n d a rd  ra te s  o ffe re d  to  "n o rm a l"  ap p lica n ts .
Once th is  d is p a r ity  between e x p e rt and sponso r had been de tected  the
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in v e s tig a tio n  and im plem entation proceeded to  a v e ry  success fu l conc lus ion . 
The im plem ented system  sim ula ted th e  e x p e rt 's  know ledge b u t th e  goals o f 
the  system  w ere skewed tow ards  management's d e s ire  fo r  th ro u g h p u t ra th e r  
than the  e x p e rt 's  des ire  fo r  accu racy .
In  Business Perform ance Assessm ent th e re  was a mismatch between the  
even tua l use rs ' p r io r it ie s  and those  o f the  in it ia l spon so r and e xpe rt. 
F o rtu n a te ly  th is  m ismatch, o n ly  rea lised  a f te r  the  im p lem enta tion , was 
bene fic ia l to  a ll concerned. As re p o rte d  in  C hap te r 3 the  goal o f  th e  system  
was to  p roduce  re p o r ts  fo r  se n io r management so th a t th e y  cou ld  u n d e rta k e  
re g u la r  management app ra isa ls  o f ope ra tiona l u n its . However, th e  system  
once im plem ented and dep loyed became used b y  those o pe ra tiona l u n its  to  
im p rove  th e ir  own perfo rm ance  b e fo re  problem s needed re p o r t in g  to  se n io r 
management. Such mismatch cou ld  have been p rob lem a tic  in  o th e r 
c ircum stances and i t  may have been th a t  a more com plete m ethodology, such 
as KADS w ith  i t s  O rgan iza tiona l Model, cou ld  have a n tic ip a te d  such a 
s itu a tio n .
Management Lack o f Recognition o r  Esteem o f E xp e rt
Th is  s itu a tio n  was the  key fa c to r  w h ich p re ve n te d  th e  E n g in ee ring  
P re ve n ta tive  M aintenance in v e s tig a t io n  and im plem enta tion  p roceed ing . 
However, b u t to  a le s s e r e x te n t, i t  was also p re s e n t in  Benchtop E lec tron ic  
Diagnosis. I t  is  suggested th a t  th is  problem  is  to  be fo u n d  in  many 
" te ch n ic ia n  e x p e rt"  cases w here  th e  p ro fess iona l e n g in e e rs  who are 
managers canno t be lieve  th a t th e ir  te ch n ic ia n s  a c tu a lly  have the  key 
know ledge re q u ire d  fo r  an e x p e rt system .
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(A lte rn a t iv e ly ,  and ta k in g  a more s in is te r  e xp la n a tio n , i t  may be th a t  in  some 
in s ta n ce s  management a re  no t p re p a re d  to  accep t th e  s ig n if ic a n c e  o f the  
know ledge he ld  by  th e ir  te chn ica l s ta f f  s in ce  th is  cou ld  je o p a rd is e  th e  
pow er re la tio n s h ip s  in  th e  o rg a n isa tio n .)
In  seve ra l cases the a u th o r has had to  p o lite ly  excuse h im se lf from  p o lite  
d iscuss io ns  in  manager’s o ffice s  so th a t  he cou ld  u n d e rta k e  th e  a c q u is itio n  
o f  know ledge on the  shop f lo o r . A lth o u g h  he fa ile d  in  E n g in ee ring  
P re v e n ta tiv e  M aintenance the  a u th o r su g g e s ts  th a t  th is  prob lem  can u su a lly  
be overcom e once recogn ised.
Management S e lf-S a tis fa c tio n
In  Telecom R epair S e rv ice  the  management seemed to  be so pleased w ith  
th e ir  o th e r  e f fo r ts  th a t th e y  cou ld  no t be pe rsua ded  to  rea lise  th e  e x tra  
advan tages th a t  could be o ffe re d  by  an a p p ro p r ia te  e x p e rt system . Poss ib ly  
th is  is  re la ted  to  the  "L a ck  o f Esteem" issu e  d iscussed  im m edia te ly 
p re v io u s ly  w here  eng in e e rin g  m anagers r e g u la r ly  do n o t re a lly  seem to  
ap p re c ia te  th e  a b ility  and know ledge o f th e ir  te c h n ica l s ta ff .
D iff ic u lt ie s  in  P rov ing  Svstem V ia b ilitv
Commercial e x p e rt system s im p lem enta tions need to  be f in a n c ia lly  sponsored 
b y  the  management o f th e  depa rtm en t w h e re  th e  e x p e rt w o rks . In  many 
cases i t  is  v e ry  d i f f ic u l t  to  ob ta in  access to  s u f f ic ie n t  e x p e r t  tim e (a n d /o r  
fu n d in g  fo r  th e  know ledge e n g in e e r’s tim e) to  u n d e rta k e  a fe a s ib il ity  o r  
scop ing  exe rc ise  in  o rd e r  to  se ll the  sys tem  co nce p t to  the  sponsor.
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Whereas a sponsor w ill re a d ily  commit fu n d s  in  advance fo r  a b il l in g  system  
o r a database p ro je c t, most p o te n tia l sponsors remain v e ry  du b io u s  abou t 
the  m erits  o f e x p e rt system s and w ill no t p ro v id e  fu n d in g  un less th e re  is  
some advance "p ro o f"  o f th e  u t i l i t y  o f th e  system. One o f th e  reasons w hy 
the  p ro to ty p in g  approach , w ith  a ll i t s  de fects , has taken hold in  th e  w o rld  
o f e x p e rt system s is  th a t  a p ro to ty p e  o r  concept dem on s tra to r system  is  
o ften  necessary to  g ive  th e  sponso r some im pression o f th e  f in a l system .
T h is  is  a v e ry  se riou s  prob lem  in  th e  commercial w o rld  o f e x p e rt system s. 
Unless the  system  is  s im ple enough o r  th e re  is  s u f f ic ie n t  access to  the  
e x p e rt i t  is  im possib le  to  p ro v id e  s u f f ic ie n t  ev idence to  g e t a sale. (A 
"sa le " may be to  an ex te rn a l c lie n t o r  to  ano the r in te rn a l fu n d in g  
depa rtm en t.)
Access to th e  e x p e rt in  advance o f th e  fu n d in g  decis ion is  u s u a lly  a key 
problem  and the  a u th o r  has ra re ly  had more than  a d a y ’s e x p e rt access in  
o rd e r  to  acq u ire  s u f f ic ie n t  know ledge to  e ith e r  b u ild  a concep t d e m o n s tra to r 
system  o r make a f irm  costed p roposa l to  b u ild  a ll o r  a m a jo r p a r t  o f a 
ta rg e t  e x p e rt system .
In  C hapte r 4 we d e sc rib e  te ch n iq u e s  fo r  E xp lo ra to ry  Knowledge A c q u is itio n  
th a t were b y  fo rc e  adopted in  o rd e r  to  overcome the  prob lem s d e sc rib e d  
above. Had the  a u th o r  n o t adopted techn iques  to  m inim ise e x p e rt time 
commitment in  the  in it ia l s tages o f know ledge a cq u is itio n  then  i t  is  l ik e ly  
th a t many o f the  in v e s tig a t io n s  re p o rte d  in  C hapter 3, and the  consequen t 
im p lem enta tions w here  these  took place, would no t have been u n d e rta k e n .
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6.4 ISSUES OF ECONOMIC V IA B IL ITY
An e x p e rt system  may be te c h n ic a lly  fe a s ib le  and the  p o te n tia l sponsor may 
fu l ly  rea lise  its  u t i l i t y  and w o rthw h ileness . However, i f  i t  does no t "c o s t 
in " ,  o r  the  sponso r is  n o t a fu n d in g  g o ve rn m e n t depa rtm en t, then i t  w ill no t 
be b u ilt .
We cons ide r issues o f e x p e rt system s econom ic v ia b i l i t y  u n d e r th e  sepa ra te  
head ings o f "C o n s tru c tio n "  and "M a in ten ance".
6.5 ECONOMIC V IA B IL ITY  -  CONSTRUCTION
O vera ll C o s t-E ffe c tiv e  ness Compared to  U n su p p o rte d  W orker
In  th is  case th e  e x p e rt system is  e ith e r  in h e re n t ly  too expensive  to  
im plem ent a n d /o r  w ould no t be c o s t-e ffe c t iv e  com pared to  u n s u p p o rte d  
problem  so lv in g . Th is  is  p ro b a b ly  th e  la rg e s t  c a te g o ry  o f feas ib le  system s 
ne ve r even considered  fo r  im p lem enta tion . The a u th o r  has on seve ra l 
occasions had to  p rodu ce  f ig u re s  d e m o n s tra tin g  th a t a lo w e r g rade  o f u se r 
(eg a "s e m i-e x p e rt"  as described  la te r  in  th is  c h a p te r)  can u n d e rta k e  a 
h ig h e r g rade  o f w o rk  more q u ic k ly  a n d /o r  w ith  b e tte r  o v e ra ll re s u lts  us in g  
an e x p e rt system  and th a t the  econom ies o r  in c reases  in  perfo rm ance  
ou tw e igh  the  d ire c t  and associated costs  (eg h a rd w a re ) o f the  system . O nly 
when such c o s t-b e n e fit  ty p e  ana lys is  has been com pleted can a success fu l 
case be made to  fu n d  th e  im plem enta tion . Even w here  th e  life tim e  costs o f 
an im plem entation are  ju s t i f ia b le  th e re  is  o fte n  a b a r r ie r  in  g e tt in g  th e  
cap ita l e x p e n d itu re  costs needed to  b u ild  th e  system . Many companies ju s t  
do not have the  o fte n  v e ry  co n s ide rab le  " u p - f r o n t "  fu n d s  to  in v e s t in
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im p ro v in g  th e ir  perfo rm ance  w ith  th e  aid o f e x p e rt system s.
As d iscussed below, cheap d e liv e ry  ha rdw a re  is  s o lv in g  p a r t  o f  th e  problem  
b u t th e  know ledge a cq u is itio n  " b a r r ie r " ,  w here s k ille d  s ta f f  a re  re q u ire d  to  
occupy cons iderab le  am ounts o f th e ir  own and the  e x p e rt 's  tim e, is  s t i l l  a 
key issue. As d iscussed e lsew here  th e  a u th o r hopes th a t KADS and s im ila r 
in it ia t iv e s  w ill be su cc e s s fu lly  adop ted  by  p ra c tis in g  know ledge eng ineers . 
However, such methods and th e  to o lk its  th a t go w ith  them shou ld  pe rhaps 
be designed to  o f fe r  ra p id  e f f ic ie n t  im plem entations o f s t ra ig h t fo rw a rd  
e x p e rt system s ra th e r  than  e le g a n t im p lem entations o f com plex system s. 
KADS in  its  e labora ted  fo rm  seems ra th e r  tim e-consum ing  and commercial 
co lleagues o f the  a u th o r who are  s k il le d  KADS users (and ESPRIT p a r tn e rs )  
w ill adm it th a t th e y  canno t a f fo rd  to  use the  fu l l  m ethodology b u t 
co nce n tra te  p r im a r ily  on th e  Model o f E xpertise .
M od ifiab le  gen e ric  e x p e rt system s ( l ik e  e x p e rt 4GLs), ru le  in d u c tio n  and DIY 
system s (ie system s c o n s tru c te d  and m odified b y  the  e x p e rt)  may e v e n tu a lly  
p ro v id e  an economical answ er fo r  a p ro p o rt io n  o f p o te n tia l system s and may 
increase  the  c o s t-e ffe c tiv e n e s s  o f im p lem enta tions in  due course . However, 
fo r  th e  time be ing  and fo r  th e  m a jo r ity  o f tasks, know ledge eng ine e rs  
command good sa la ries  and tim e to  im p lem entation is  o fte n  q u ite  p ro tra c te d . 
Unless these prob lem s can be overcom e many p o te n tia lly  u se fu l system s w ill 
be re je c te d  b y  management on q u ite  le g itim a te  c o s t-e ffe c tiv e n e s s  g roun ds .
Hardw are Cost Issues
A ll e x p e rt system s re q u ire  h a rd w a re  to  ru n  on . and i f  th e  use r does no t 
have re g u la r  access to  a com pu te r then  the  ad d itio n a l cos t o f p ro v id in g
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such ha rdw a re  can p re v e n t a system  be ing  im p lem ented. In  some cases 
such issues can be c ircum ven ted  and th e  A u d it  W ork P lann ing  system  was 
a u th o rise d , and was a cons ide rab le  success, s im p ly  because i t  cou ld  be 
d e liv e re d  "h a rd w a re  cost f re e "  on an e x is tin g  PC ava ilab le  to  th e  a u d it 
m anager.
However, in  the  case o f Benchtop E le c tro n ic  D iagnosis th e re  was g re a t 
d i f f ic u l t y  in  ga in ing  access to  ha rdw a re  in  th e  w o rkshop  env iro nm en t. 
F u r th e r ,  management were ex trem e ly  re lu c ta n t to  p u rch a se  bench top  PCs fo r  
each te ch n ic ia n  when th e y  pe rce ived  th a t th e  im p lem ented system s w ould be 
used as "T u to r ia l E xpe rt System s" w here u se rs  o n ly  accessed th e  system  on 
in c re a s in g ly  in fre q u e n t occasions when a fa u lt  to  be diagnosed was ou ts ide  
th e  know ledge a lready learned  from  th e  e x p e r t  system . The la rg e ly  
une xp lo ited  use o f ded ica ted  e x p e rt system s fo r  t ra in in g  is  cons idered  
below.
Expert Systems fo r Train ing -  "Context-Sensitive CBT"
As describ ed  above, an e x p e rt system  whose p u rp o s e  recedes la rg e ly  to  th a t 
o f  a tra in in g  system  may not w in s u p p o rt fro m  a com mercial spon so r whose 
in it ia l dec la red  in te re s t was in  an e x p e rt system  to  s u p p o r t  le ss-expe rienced  
s ta ff .  However, such sponsors, u su a lly  v ia  th e ir  t ra in in g  departm ents , are 
o fte n  keen users  o f C om puter Based T ra in in g  s y s te m s  (C B T). In  te rm s o f 
o v e ra ll bus iness economy and t ra in in g  e ff ic ie n c y  i t  m igh t be sens ib le  to 
eva lua te  the  p o ten tia l o f e x p e rt system s w h ich  have an acknow ledged 
t ra in in g  pu rpose  in  a d d itio n  to  th e ir  t ra d it io n a l a d v is o ry  ro le . I f  th is  had 
happened w ith  Benchtop E lec tron ic  D iagnosis, as d e s c rib e d  above, then  local 
e n g in e e rin g  managers m igh t have b e n e fitte d  fro m  an In te rn a l s u b s id y  from
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the  tra in in g  depa rtm en t to  lessen th e  unwelcome b u rd e n  o f a d d itio n a l 
ha rdw are  costs. '
In  add ition  from  the  p o te n tia l economic b e n e fits  o f us ing  e x p e rt system s fo r  
bo th  a d v is o ry  and t ra in in g  purposes, th e re  may be w o rth w h ile  t ra in in g  
advantages from  d e liv e r in g  t ra in in g  "a t  the  p o in t o f  need" ra th e r  than  in  
a sepa ra te ly  o rgan ised  CBT o r  tra d it io n a l t ra in in g  course . T h is  to p ic  is  o f 
po te n tia l in te re s t  fo r  fu tu re  research  and th e  fo llo w in g  sug g e s tio n s  are  
based p u re ly  on the  a u th o r 's  persona l experience  as a tra in e e  on CBT and 
tra d it io n a l occupationa l t ra in in g  courses and h is  o b se rva tio n  o f th e  t ra in in g  
use rs  o f expert system s fo r  ta sks  such as Benchtop E le c tro n ic  D iagnosis.
In  the  tra d it io n a l "m aste r and a p p re n tic e "  fo rm  o f t ra in in g  the  "a p p re n tic e "  
rece ives some in it ia l tu it io n  and is  th e n  allowed to  u n d e rta k e  some o f the  
more sim ple o r  c o n tr ib u to ry  tasks  fo r  h is  "m a s te r". From then  on he 
u su a lly  in te r ru p ts  h is  "m a s te r"  when he needs a d d itio n a l in fo rm a tio n  o r  has 
reached an impasse in  th e  w o rk  he is  u n d e rta k in g . T h is  process con tinues , 
w ith  many in te r ru p t io n s  in  th e  e a r ly  stages b u t la te r  ta il in g  o f f  to  the  
occasional re q u e s t on a more complex and obscu re  case. The " in te r ru p t io n s "  
ju s t  described  are  t ra in in g  "a t  th e  p o in t o f need" w h ich  c o n tra s ts  to  CBT 
o r  classroom tra in in g . In  th e  la t te r ,  t ra in in g  is  n ece ssa rily  d e liv e re d  " in  
b u lk "  and in  a con tex t n o t re le v a n t to  the  tra in e e 's  c u r re n t  need. In  
co n tra s t, th e  "m aste r and a p p re n tic e "  fo rm  o f t ra in in g  d e liv e rs  a p p ro p ria te  
small frag m en ts  o f t ra in in g  in  a c o n te x t w h e re  th e  tra in e e  needs to  use the  
im pa rted  in fo rm a tio n  to  u n d e rta k e  h is  im mediate w o rk . In tu it iv e ly ,  i t  would 
appear th a t the  la t te r  p rocess is  more l ik e ly  to  lead to  b e tte r  re te n tio n  o f 
th e  new m ateria l than m ig h t be ob ta ined  w ith  CBT o r  classroom  t ra in in g .
In  th e  same way, i t  cou ld  be a rgue d  th a t  e x p e rt system s a lre a d y  o f fe r  
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t ra in in g  in  th e  same w ay as the  tra d it io n a l "m a s te r and a p p re n tic e "  s ty le  
o f t ra in in g .  (T h is  was the  key "c r it ic is m "  o f th e  Benchtop E le c tro n ic  
D iagnosis system .) In  o th e r  w ords, the  key fa c to rs  a re  th a t th e  t ra in in g  is  
d e liv e re d  on a fra g m e n ta ry  basis a t the  p o in t o f need o v e r a lo ng  p e rio d  
c o n c u rre n t w ith  the  tra in e e 's  actual w ork .
In  connection  w ith  commercial w o rk  ou ts ide  th a t  re p o r te d  in  th is  th e s is  th e  
a u th o r  has a ttem pted to  prom ote the  idea o f "c o n te x t-s e n s it iv e  CBT" as an 
ex tens ion  to  tra d it io n a l e x p e rt system s. Such ideas have n o t rece ived  
fu n d in g  and no p ra c tic a l p ro g re ss  has been made. However, th e  key ideas 
a re  sim ple. A use r w ou ld  have access to  an e x p e rt system  to  w h ich  he 
w ou ld  seek recou rse  when he needed advice  on how to  ta c k le  an u n fa m ilia r  
p rob lem  o r when he reached some o th e r fo rm  o f im passe in  h is  im m ediate 
w o rk . In it ia l ly  the  system  would fo llow  th e  t ra d it io n a l e x p e r t  system  
d ia lo gue  to  th e  p o in t w he re  th e  immediate prob lem  had been overcom e. A t 
th is  stage, th e  system  w ou ld  o f fe r  the  use r th e  o p p o r tu n ity  o f a s h o r t  CBT 
session co ve rin g  th e  w id e r p r in c ip le s  o f th e  case ju s t  covered . 
A lte rn a tiv e ly ,  the  use r cou ld  o p t fo r  th is  session to  be added to  a t ra in in g  
agenda o f to p ics  w h ich  w ould  be ty p ic a lly  cove red  in  a s h o r t  w o rk s ite  
t ra in in g  session a t th e  end o f the  w o rk in g  day.
The im plem enta tion  o f a c o n te x t-s e n s it iv e  CBT system  lin k e d  to  an a d v is o ry  
e x p e rt system  (o r th e ir  com plete in te g ra tio n  as an extension  o f th e  e x p e rt 
sys tem 's  "H e lp " fa c i l i t y )  w ould  seem to  be re la t iv e ly  s tra ig h t fo rw a rd  and 
cou ld  ra d ic a lly  im p rove  th e  acceptance o f bo th  e x p e rt system s and CBT in  
th e  w o rkp lace . The im ped im ents would seem to  be m a in ly  o rg a n isa tio n  w ith  
th e  p o s s ib ility  o f p o w e rfu l t ra in in g  lobb ies  in  com mercial o rg a n is a tio n s  
u n w illin g  to  g ive  up th e ir  r ig h ts  to  w ith d ra w  s ta f f  from  th e ir  d a ily  d u tie s  
and p ro v id e  t ra in in g  s e rv ic e s  fo r  them.
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C o s t-E ffe c tiv e  ness o f "P a r t ia l"  E xpe rt Systems *
As d iscussed  in  C hapte r 3 a Job Shop S chedu ling  e x p e rt system  w ou ld  have 
re q u ire d  a human "s c h e d u le r 's  a s s is ta n t"  to  te lephone  custom ers  to  nego tia te  
changes in  d e liv e ry  dates in  o rd e r  to  avoid "b o tt le n e c k s " . In  m anagement's 
v iew  i f  a s k ille d  person is  re q u ire d  to  se rv ice  th e  s c h e d u lin g  system  then  
th a t  person can a c tu a lly  u n d e rta ke  the  sch e d u lin g  p rocess even th o u g h  the  
e x p e rt system s sch e d u le r w ould  a c tu a lly  p roduce  b e tte r ,  fa s te r  schedules.
Thus i f  the  e x p e rt system  canno t s u p p o rt the  "w ho le  ta s k "  then  i t  may no t 
be econom ica lly  v ia b le  to  im plem ent.
6.6 ECONOMIC V IA B IL ITY  -  MAINTENANCE
M aintenance o f C hanging Knowledgebase
Th is  issue  has a lrea dy  been ra ised und e r "L a c k  o f S tab le  E x p e rtis e " in  
re sp e c t o f  Eurobond W arran t T ra d in g  and B enchtop E le c tro n ic  D iagnosis 
above. A lth o u g h  the  issues ra ise  by  E urobond W a rra n t T ra d in g  seem 
im poss ib le  to  reconcile , th e  ty p e  o f problem  dem onstra ted  b y  Benchtop 
E le c tro n ic  D iagnosis is  v e ry  common and is  d iscussed  f u r th e r  u n d e r 
"O p p o rtu n it ie s  fo r  Comm unicative E x p e rt S ystem s" to w a rd s  th e  end o f th is  
ch a p te r.
Loca lisa tion  Issues
The success fu l dep loym ent o f an e x p e rt system  can o fte n  in v o lv e  
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m aintenance m o d ifica tions  in  th e  fo rm  o f " lo c a lis a t io n "  to  th e  needs o f 
g e o g ra p h ic a lly  remote p a r ts  o f the  o rg a n isa tio n . F o r example, in  ta sks  n o t 
re p o rte d  se p a ra te ly  in  C hapte r 3, a s u p e rm a rke t s h e lf  la y o u t ( " fa c in g " )  
system  had to  a lloca te  p ro d u c t lines  o p tim a lly  fo r  d i f fe r e n t  s izes and la y o u ts  
o f su pe rm arke ts . T h e re fo re  the  system  re q u ire d  a v e rs io n  f o r  e v e ry  s to re  
em bodying  th e  da ta  on th e  s to re  s h e lf d im ensions and loca l sales p r io r i t ie s  
so th a t c o r re c t la y o u ts  cou ld  be p roduced . The e f fo r t  to  p rodu ce  such  
ve rs io n s  is  v e ry  cons ide rab le .
S im ila rly , in  a system  th a t  was in v e s tig a te d  b u t  n e v e r im plem ented, a w e ll-  
known h igh  s tre e t s to re  wanted to  a lloca te  d is p la y  areas fo r  p ro d u c t lin e s  
a cco rd ing  to  fash ion  season. For ins tance , th is  in v o lv e d  inc reased  space 
a lloca tion  fo r  c o n fe c tio n e ry  a t Easter, more space fo r  to y s  a t C hris tm as and 
more space fo r  ho lid ay  c lo thes in  th e  S p rin g . Such "seasonal lo c a lis a tio n " 
would have re q u ire d  re g u la r  m aintenance u p d a tin g  changes to  th e  sys tem 's  
know ledge base and th is  was a prim e reason w hy th e  system  was dec lin ed  
on economic g roun ds .
In  Business Perform ance Assessment the  know ledge base had to  re f le c t  
d if fe re n t  e va lua tio n  p r io r i t ie s  fo r  d if fe re n t  hea lth  areas. For in s ta n ce  a 
g re a te r  p ro p o rt io n  o f g e r ia tr ic  p a tie n ts  was accep tab le  in  the  South Coast 
re tire m e n t a rea than  w ould  be allowed in  a N o rth e rn  in d u s tr ia l tow n. 
S im ila rly  pe rfo rm ance  ta rg e ts  re q u ire d  re g u la r  m ain tenance u p d a tin g  so th a t  
d i f fe re n t  sp e c ia lisa tio n s  could accept, fo r  in s ta n ce , d if f e r e n t  tim es to  
d ischa rge . Thus the  p o s t-s u rg ic a l ta rg e t  d is c h a rg e  p e rio d  is  lo n g e r fo r  
o rth o p a e d ic  p a tie n ts  th a n  gynaecologica l p a tie n ts  and th e  ra tio  between th e  
tw o  is  c o n s ta n tly  ch a n g in g  w ith  advances in  care. Such changes im pose a 
system  m aintenance load w h ich, in  th e  case o f Business P erfo rm ance 
Assessment, was re a d ily  accepted b y  the  sponsor.
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6.7 SPECIFIC KNOWLEDGE ACQUISITION ISSUES
Lack o f E xp e rt C ooperation a n d /o r  Access
T h is  is  a s t ra ig h t fo rw a rd  problem  and the  reasons have been la rg e ly  
cove red  above. I f  th e  e x p e rt cannot be accessed o r  is  u n c o o p e ra tive  then  
no system  can be b u ilt .  The a u th o r has met v e ry  few  u n c o o p e ra tive  e x p e rts  
and, w here  th is  has been an in it ia l problem , i t  seems to  have u s u a lly  
re s u lte d  from  fa c to rs  such as jo b  in s e c u r ity  on the  p a r t  o f th e  e x p e rt.
(An example o f one such ra re  case was met in  an e le c tro n ic s  re p a ir  
w o rksho p  in  th e  M id lands, no t re la ted  to  any o f the  ta sks  re p o r te d  in  th is  
thes is . On h is  f i r s t  v is i t  to  u n d e rta ke  know ledge a c q u is itio n , th e  a u th o r  
was g ree ted  b y  th e  local un ion re p re s e n ta tiv e  who was conce rned  th a t  th e  
proposed e x p e rt system s w o rk  was connected w ith  th re a te n e d  reg io na l 
redundanc ies . Once the  necessary, and v e ry  t r u th fu l ,  assu rance  was 
p ro v id e d  the  e x p e rt and h is  union colleague p roved  v e ry  c o o p e ra tive  and 
g e n u in e ly  in te re s te d  in  th e  advantage th a t e x p e rt system s m ig h t p ro v id e  fo r  
th e  w o rksho p  s ta ff ,  pe rhaps  as an aid to  enab ling  them to  keep th e ir  jo b s .)
Lack o f Consensus on E xpertise
D isagreem ent between th e  expe rts  was a m ajor p rob lem  in  Pensions 
Management w he re  in te rp re ta t io n  o f Pension Scheme ru le s  d if fe re d  between 
e x p e rts  from  d if fe re n t  p a rts  o f o rgan isa tion . Th is  issu e  was e v e n tu a lly  
so lved by dem anding th a t  the  sponsor appo in ted  a s in g le  e x p e rt to  
coo rd ina te  th e  v iew s o f th e  many expe rts .
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A cquisition  of "P e rcep tu a l Knowledge"
In  C hap te r 4, in  th e  con tex t o f Eurobond W a rra n t T ra d in g  screen
in te rp re ta t io n ,  we d iscuss  the  d if f ic u lt ie s  . o f a c q u ir in g  "p e rc e p tu a l
k n o w le d g e ", w h ich  may be e q u iv a le n t to  th e  D re y fu s  and  D re y fu s  (1986) 
te rm  "a r ra tio n a l know ledge". We have no t in v e s tig a te d  a s im ila r case except 
fo r  a b r ie f  in v e s tig a tio n  o f the  s k il ls  o f a sales re p re s e n ta t iv e  who had an 
e xce lle n t re p u ta tio n  fo r  deve lop ing  sales to  th e  shops associated w ith  p e tro l 
s ta tio n s . In  h is  case he co n s ta n tly  re fe rre d  to  " re c o g n is in g  th e  c lues in  
th e  cus tom er's  face and p o s tu re " d u r in g  a sales v is i t  b u t cou ld  o n ly  g ive
the  b a re s t c lues to  w hat he a c tu a lly  meant.
The in v e s tig a t io n  o f p e rc e p tu a l/a rra tio n a l know ledge  is  o u ts id e  th is  
resea rch . However, w here a key p a r t  o f th e  e x p e rt 's  pe rfo rm ance  depends 
on such know ledge then  i t  may be d i f f ic u l t  to  a c q u ire  i t  fo r  th e  purposes 
o f b u ild in g  an e ffe c tiv e  e x p e rt system.
6.8 SPECIFIC USER INTERFACE ISSUES
The u se r in te r fa c e  is  the  on ly  p a r t  o f an e x p e rt system  seen b y  th e  user 
and un less i t  is  a p p ro p ria te  and acceptab le then  th e  system  w ill fa il .  User 
in te r fa c e  issues fo r  e x p e rt system s has been th e  s u b je c t o f  ex tens ive  
comment and research , eg C a rro ll & McKendree (1 9 8 7 ), Norman (1 9 8 3 ),and  
extends the  more genera l w o rk  on use r re q u ire m e n ts  fo r  more co nve n tiona l 
system s, eg W illiges & W illiges (1984 ), and th e  s p e c ia lis t w o rk  to  extend 
e x p e rt system  and o th e r in te rfa c e s  such as th e  w o rk  on h ype rm ed ia  based 
on Nelson (1 965 ) and extended as in  Nelson (1 9 7 3 ).
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P ro tra c te d  o r  In co n ve n ie n t D ialogue
I f  th e  d ia logue w ith  th e  e x p e rt system  is  more "tim e  e xpe ns ive " than  
u n su p p o rte d  so lv in g  problem  then  th e  system  w ill fa ll in to  d isuse. For 
in s tance , in  Benchtop E le c tro n ic  D iagnosis the  la c k  o f a co n ve n ie n t bench top  
e x p e rt system  caused th e  use r te ch n ic ia n  to  p re fe r  to  random ly  s u b s t itu te  
g ro u p s  o f com ponents ra th e r  than  s ta r t  a d ia logue  on th e  w o rkshop  PC. 
However well a user in te r fa c e  is  des igned , some tim e and e f fo r t  is  re q u ire d  
fo r  use r in te ra c tio n  w ith  an e x p e rt system  and a u se r may p e rce ive  th a t  
th is  is  lo n g e r o r  more in c o n v e n ie n t th a n  u n d e rta k in g  th e  ta s k  its e lf ,  even 
i f  th is  la t te r  is  no t v e ry  e ff ic ie n t.
S im ila rly , in  an in v e s tig a tio n  made by  th e  a u th o r  re p o rte d  e lsew here  in  th is  
thes is , a company c re d it  ra t in g  system  was no t im plem ented s ince  its  usage 
w ou ld  have re q u ire d  use rs  to  ty p e  in to  th e  system  th e  h a n d w ritte n  
responses on e n q u iry  fo rm s from  companies seek ing  c re d it  be fo re  ra tin g s  
cou ld  be com puted by  th e  e x p e rt system . In  th e  absence o f a re a d ily  
ava ila b le  and e ffe c tiv e  h a n d w rit in g  re c o g n itio n  system , such e f fo r t  w ould 
have been unacceptable to  users and th e  system  was n o t b u ilt .
U ser Engagement Issues
U nless  i t  is  a com pulsory  a id  to  a u s e r 's  w o rk , an e x p e rt system  w ill no t 
re ta in  its  users i f  i t  does no t s u f f ic ie n t ly  engage them to  c o n tin u e  w ith  th e  
d ia logue. Such po ten tia l problem s can be overcom e and a good example is  
p ro v id e d  b y  the  Small Business A d v is o r e x p e rt system  w h ich  was success fu l 
because i t  engaged the  "s h o r t  a tte n tio n  span " businessm an use r by  e a r ly  
p a r t ia l feedback o f re s u lts .
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S u p p o rt fo r  E x is ting  o r  Natura l W ork ing  S ty le
T ra n s fe r  o f users to  w o rk  su p p o rte d  b y  an e x p e rt system  w ill no t be 
s tra ig h t fo rw a rd  i f  the  system does no t s u p p o r t  th e  u s e rs ' n a tu ra l s ty le  o f 
w o rk in g  o r  norm al use r docum enta tion. Thus th e  Commercial Business 
U n d e rw r it in g  system  depended fo r  it s  success on c a p tu r in g  th e  " v ir tu a l 
fo rm " a lw ays used by e xpe rt. S im ila rly  in  M u ltin a tio n a l Tax P lann ing  i t  was 
necessary to  show and p r in t  fa m ilia r ba lance shee ts  and schedu les  to  the  
use r e xp e rt. In  the  case o f sch ed u ling  system  i t  is  necessary  to  use the  
fa m ilia r  G an tt c h a r t fo r  com m unicating w ith  th e  u se rs  s ince  th is  is  the  
u n iv e rs a l way o f re p re se n tin g  jo b  shop schedu les.
For s im ila r reasons a system  w ill p ro b a b ly  be unaccep tab le  i f  th e  o u tp u t o r  
p r in to u t  is  in  u n fa m ilia r fo rm a t o r  n o t o f s u f f ic ie n t  p r in t  q u a lity .  Thus the  
A u d it  W ork P lann ing  system  was success fu l because i t  e n t ire ly  re p lica te d  
"m anua lly  p ro d u c e d " o u tp u t in c lu d in g  th e  cosm etic d e ta ils  o f th e  fo rm s used 
by  th e  a u d it  manager.
Again, and somewhat p e rv e rs e ly , management re q u ire d  us to  s im u la te  the  low 
q u a lity  m ainfram e "g reen  screens" in  the  L ife  U n d e rw r it in g  e x p e rt system s 
so th a t it s  appearance would be com patib le  w ith  th e  re s t o f th e  m ainframe 
app lica tio n  p rocess ing  system.
V e rb a l/V isu a l In p u t  Encoding Issues
A system  w h ich  depends on the  la b o rio u s  te x tu a l encod ing  o f ve rb a l o r  
v isu a l in fo rm a tio n  seems u n lik e ly  to  be accep tab le  to  users. Th is  has 
a lrea dy  been covered  in  the  d iscuss ion  on E u robond W a rra n t t ra d in g  w here
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rem arks  on p r ic e s  from  c o u n te rp a rtie s  would have had to  be f u l ly  encoded 
as te x t.
U ser P r iv a c v  and Convenience
A ll e x p e rt system s need to  be conve n ie n t to  use as w ith  A u d it  W ork 
P lann ing  w h ich  had to  be p o rta b le  fo r  use a t c lie n ts ' p rem ises. However, 
some fin a n c ia l system s re q u ire  th e  in p u t  o f cons ide rab le  p r iv a te  in fo rm a tio n  
and, fo r  in s ta n ce , i t  was a key req u ire m e n t o f the  Small B usiness G uidance 
system  th a t i t  cou ld  be used in  the  p r iv a c y  o f the  small bus inessm an 's  home 
o r  o ff ic e  ra th e r  than  a t the  gove rnm en t agency 's  prem ises. T h is  in  tu rn  
had im p lica tio n s  fo r  p ro d u c in g  the  system  so th a t i t  w ou ld  ru n  on a cheap 
PC such as th a t  possessed by  a small f irm .
6.9 SPECIFIC ISSUES OF EXPERT-USER APPROPRIATENESS
E xp e rt system s m ust s a t is fy  and match the  needs o f a ra n g e  o f "e x p e rts "  
and "u s e rs "  i f  th e y  are  to  be u s e fu lly  accepted. P re v io u s  resea rch  on
"e x p e rts "  and "n o v ic e s " has been d r iv e n  p r im a r ily  to  d is c o v e r the  
d iffe re n c e s  in  th e  know ledge re p re se n ta tio n s  o r  mental models used b y , fo r  
in s tan ce , in d iv id u a ls  w ith  d if fe re n t  le ve ls  o f u n d e rs ta n d in g  o f dom ains such 
as p h y s ic s  (C h i, F e lto v itc h  & G laser, 1980), chess (C hase  & Sim on, 1973), 
f in a n c ia l p rob lem  s o lv in g  (H ershey, Walsh, Read & C hule f, 1990) o r  com pute r 
p rog ram m ing  (Kahney & E isenstadt, 1982; Soloway, E h rlic h , Bonar & 
G reenspan, 1982).
In  th is  w o rk  we d iscuss o u r  f in d in g s  in  respec t o f e x p e r t  and use r 
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ca tego ries  w ith  th e  ra th e r  d if fe re n t  m o tiva tion  to  de te rm ine  w h a t e x p e rt 
system  s u p p o rt, i f  any, m ig h t be a p p ro p ria te  fo r  such ca tego ries . However, 
as a s h o r t  b a c k g ro u n d  pre face, i t  is  use fu l to  b r ie f ly  re c o u n t how th is  
p a r t ic u la r  to p ic  was im p o rta n t a t the  commencement o f th is  resea rch .
Background -  "S tar" Diagnosticians
As exp la ined  in  C h ap te rs  1 and 3, th is  research  o r ig in a te d  in  th e  s tu d y  o f 
e n g in e e rin g  prob lem  s o lve rs  u n d e rta k in g  d ia g n o s tic  ta sks  fo r  B r it is h  
Telecom. S ince then  th e  scope and o b je c tiv e s  o f the  research  have v e ry  
much b roadened.
N everthe less, p ro b a b ly  th e  in it ia l focus o f in te re s t  (and one th a t,  
r e g re t fu l ly ,  has no t re a lly  been fu l ly  fo llow ed up ) was to  u n d e rs ta n d  th e  
d iffe re n c e s  between " s ta rs "  and o rd in a ry  d ia g n o s tic ia n s .
In i t ia l ly  in  th e  RSCs (R epa ir S e rv ice  C o n tro ls ) w here  we in v e s tig a te d  th e  
Telecom R epair S e rv ice  ta s k  and, la te r, in  th e  reg io na l w o rksho ps  ^where we 
in v e s tig a te d  Benchtop E lec tron ic  Diagnosis, m anagers w ould o fte n  use th e  
te rm  " s ta rs "  when d e s c r ib in g  th e ir  s ta f f  and s u g g e s tin g  th o se  who m ig h t 
be used as th e  s u b je c ts  fo r  know ledge a c q u is itio n .
In  a w o rksh o p  o f p e rh a p s  ten  d iagno s tic ians  o f th e  same ra n k , i t  u s u a l l y  
seemed th a t  one o r  tw o  w ould be ca tegorised  as "s ta rs " .  The same s o r t  o f  
p ro p o rt io n  a pp lied  in  RSCs w here perhaps th re e  o r  fo u r  s ta f f  w ould be 
id e n t if ie d  as "s ta rs " .
"S ta rs "  w ould  n o t o n ly  be id e n tif ie d  by th e ir  bosses b u t v e ry  re a d ily  b y
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th e ir  peers. These w ere th e  people th a t e v e ry b o d y  tu rn e d  to  when 
con founded  b y  a new o r  d i f f ic u l t  case. What made them  d i f fe re n t  was an 
u n fu lf i l le d  e a r ly  o b je c tiv e  o f th is  research . M aybe th e y  w ere  more 
in te llig e n t .  Or pe rhaps  more ge n u in e ly  fasc ina ted  w ith  th e ir  w o rk . Because 
th e y  w ere th e  s u b je c ts  fo r  o u r  know ledge a cq u is itio n  we cam to  know these 
in d iv id u a ls  v e ry  w ell and to  respec t them co n s id e ra b ly . A lth o u g h  we neve r 
p ro p e r ly  in v e s tig a te d  w hat, i f  a n y th in g , se t them  a p a rt from  th e ir  
co lleagues, i t  seemed th a t th e y  d id  have th re e  s u p e rf ic ia l c h a ra c te r is t ic s  in  
common. F irs t, th e y  w ere usua lly  q u ie t and modest a b o u t th e ir  a b ilit ie s . 
Second, th e y  w ere in c lin e d  to  take  notes and were t id y  and nea t in  th e ir  
reports. T h ird , th e y  seemed ge n u in e ly  in te re s te d  in  th e ir  w o rk  and had a 
v e ry  good and de ta iled  u n d e rs ta n d in g , a lb e it a t a " c r a f t "  r a th e r  than  
" th e o re t ic a l"  le ve l o f th e ir  su b je c t.
The te rm  " s ta r "  o r  a n y th in g  e q u iv a le n t to  it ,  has n e v e r been used by  
m anagers o r  s ta f f  in  th e  in v e s tig a tio n s  o f n o n -e n g in e e r in g  tasks . 
N everthe less, we have recogn ised in d iv id u a ls  (o ften , aga in , those  who w ere 
recommended as s u b je c ts  fo r  know ledge a cq u is itio n ) who w ou ld  f i t  th is  term . 
Thus, in  p a r t ic u la r .  A u d it W ork P lann ing  and Pensions Management were 
ta s k s  w here  " s ta rs "  cou ld  be recogn ised in  much th e  same way as fo r  
e n g in e e rin g  tasks.
The issue  o f w ha t d iffe re n tia te s  "s ta rs "  and "o th e rs "  has n o t been p ro p e r ly  
p u rs u e d  in  th is  research  and  is n o t dea lt w ith  f u r t h e r .  H o w ever, i t  has 
been in c re a s in g ly  c lea r th a t the  sim ple w ords "e x p e r t "  and "u s e r "  are 
w o e fu lly  inadequa te  to  d escrib e  the  many typ e s  o f pe rson s  fa ll in g  in to  these 
ca tego ries  and th u s , a t a v e ry  much more s im p lis tic  le v e l th a n  m ig h t have 
o th e rw ise  been th e  case, th is  issue is  covered in  th e  re m a in d e r o f th is  
sec tion .
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"E x p e rts "
We s u g g e s t th a t  th e  te rm  "e x p e rt"  has some lim ita tio n s  in  re sp e c t o f  i t s  
usage to  d e s c r ib e  th e  severa l typ e s  o f person who m ig h t come in to  c o n ta c t 
w ith  an e x p e rt system  o r  be considered  as a sou rce  fo r  th e  know ledge  
con ta ined  w ith in  i t .  In  p a r t ic u la r ,  we su g g e s t th a t  th e  s im ple  te rm  "e x p e r t "  
does n o t a d e qua te ly  q u a n tify  the  " c r e a t iv ity "  d im ension o f e x p e r t 
perfo rm ance .
In  i t s  common occupa tiona l usage, the  w o rd  "e x p e r t"  is  used to  d e s c r ib e  
in d iv id u a ls  w ith  ra th e r  a w ide range o f a b ilit ie s . A t one extrem e, and w h e re  
th e  w o rd  "s p e c ia lis t"  is  sometimes used and is  a c tu a lly  more a p p ro p ria te , 
some "e x p e rts "  a re  ju s t  th e  re s u lt  o f t ra in in g  cou rses  and d ire c t  tu it io n  
from  colleagues (eg a p p re n tic e s h ip ). A lth ough  th e ir  pe rfo rm an ce  may be as 
good as any o th e r  "e x p e r t"  th e y  may no t have th e  a p t itu d e  o r  a b i l i ty  to  
re g u la r ly  and c re a t iv e ly  extend th e ir  know ledge. We have term ed such  
e x p e rts  "com petence e x p e rts " .
In  c o n tra s t, and a t th e  o th e r  extreme, th e re  are  those  "e x p e rts "  w h ich  we 
te rm  "kn o w le d g e  c re a to r  e x p e rts " who, w h e th e r fro m  f i r s t  p r in c ip le s  o r  b y  
" t r ia l  and e r r o r " ,  a re  th e  persons who "b re a k  o pe n " a new ta sk  and 
e s ta b lish  i t  on a ro u tin e  basis.
The p a r t ic u la r ,  te rm  "b re a k  open" has been used b y  m anagers to  th e  a u th o r  
on severa l cases, p a r t ic u la r ly  fo r  e n g in e e rin g  tasks , to  d e sc rib e  the  way in  
w h ich  th e y  use w ha t we re fe r  to as know ledge c re a to r  e x p e rts  to  in tro d u c e  
a new ta s k  in to  th e  o rg a n is a tio n 's  re p e rto ire . Benchtop E le c tro n ic  D iagnosis 
and Eurobond W arran t T ra d in g  were both  cases w here  management ass igned  
p a r t ic u la r ly  ab le  e x p e rts  to  new tasks.
\
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Once th e  tasks were es tab lishe d , le s s e r expe rts  (w h ich  we te rm  "com petence 
e x p e rts "  o r "s e m i-e x p e rts "  below) w ould u n d e rta ke  th e  ta s k s  so th a t the  
bes t exp e rts  cou ld  move on to  "b re a k  open" y e t o th e r new tasks . For 
in s tance , in  Benchtop E le c tro n ic  D iagnosis, two p a r t ic u la r  te c h n ic ia n s  were 
re g u la r ly  em ployed (and re w a rd e d ) to  un d e rta ke  the  re p a ir  o f  new item s 
com ing in to  th e  w o rkshop  and, once a method o f d ia g n o s is  had been 
estab lished , to  hand o v e r th e  ta s k  to  less experienced co lleagues. Some o f 
these la t te r  te ch n ic ia n s  w ere e ith e r  le a rn in g  th e  jo b  o r, because o f th e ir  
lim ite d  a b ilit ie s , w ere  o n ly  g ive n  th e  s im p lest cases w ith  w h ich  to  deal.
S im ila rly , in  th e  case o f E u robond W arran t T ra d in g , th e  e x p e rt  ass igned to  
us was v e ry  much a s p e c ia lis t a t "b re a k in g  open" th e  t ra d in g  o f new 
com binations o f in s tru m e n ts . In  th e  com pe titive  b a n k in g  s itu a t io n  i t  is  
necessary to  e n tice  custom ers to  in v e s t w ith  an e v e r -e v o lv in g  range  o f 
f in a n c ia l p ro d u c ts . The bank  m ust both  prom ote these new p ro d u c ts  and, 
in  pa ra lle l, m ust le a rn  how to  tra d e  th e  u n d e r ly in g  in s tru m e n ts  p ro p e r ly . 
As p a r t  o f th e  p re p a ra to ry  b r ie f in g  fo r  the  know ledge a c q u is itio n  fo r  
Eurobond W arran t T ra d in g  th e  e x p e rt to ld  us th a t  he had been assigned the  
ta sk  o f e s ta b lis h in g  a se ries  o f new p ro d u c ts  and fo r  " lo o k in g  o u t fo r "  
o p p o rtu n it ie s  o f t ra d in g  th a t  w ou ld  lead to  new and co m p e titive  p ro d u c ts . 
Once tra d in g  was re la t iv e ly  e s tab lishe d  he would g ra d u a lly  t r a n s fe r  the  new 
in s tru m e n t to  co lleagues and move on to  new g roun d .
Again, in  Pensions Management a few  o f the  reg ions w e re  s e rv e d  b y  
Pensions O ffice rs  w ith  v e ry  l i t t le  experience o r  a p titu d e  and i t  was th e ir  
p ra c tic e  to re fe r  to  th e ir  h e a d q u a rte rs  colleagues a n y th in g  exce p t the  most 
s tra ig h tfo rw a rd  e n q u ir ie s . In  th is  case the  h e a d q u a rte rs  Pensions O ffice rs  
no t o n ly  dea lt w ith  th e  more com plex ro u tin e  e n q u ir ie s  b u t  a lso dea lt w ith  
novel pensions prob lem s from  the  whole c o u n try . In  many cases such novel
^  y
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cases lead to  an extension o f the  c o rp o ra te  "p e n s io n s  scheme case la w " and 
re g u la r  updates were s e n t o u t to  th e  reg iona l Pensions O ffice rs  so th a t  th e y  
cou ld  deal w ith  such new cases i f  th e y  e n co u n te re d  them. However, i t  
rem ained o n ly  fo r  a few  h e a d q u a rte rs  Pensions O ffic e rs , and a h a n d fu l o f  
v e ry  able reg iona l co lleagues, to  c rea te  new pens ions  scheme know ledge in  
th is  way.
There  is  i t  seems a v e ry  rea l con fus ion  between th e  te rm  "e x p e r t"  as used 
in  th is  th e s is  (ie  th e  h o ld e r o f va lued  know ledge) and th e  use as 
au tom atica lly  app lied  to  a jo b  grade . J u s t because in d iv id u a ls  may have th e  
t i t le  "Pensions O ff ic e r"  o r  "A u d it  M anager" does n o t nece ssa rily  mean th a t  
th e y  are "e x p e rts "  (as we use th e  te rm ) in  these  f ie ld s . However s ince  
th e ir  pay and jo b  g ra d in g  depends on the  assumed possession o f "e x p e rt is e "  
th e y  are  re g u la r ly  re fe r re d  to  as "e x p e r ts "  b y  th e ir  co lleagues and 
em ployers.
"U s e rs "
T h is  thes is  and the  commercial w o rk  re la te d  to  i t  have been la rg e ly  
concerned w ith  e xp e rts  and e x p e rt system s. However, p a r t ic u la r ly  in  th e  
know ledge a cq u is itio n  and commercial im p lem en ta tions, we have had many 
o p p o rtu n it ie s  to  u n d e rs ta n d  th e  social and o rg a n is a tio n a l se tup  o f in d iv id u a l 
o ffices , w o rkshops and o th e r  w o rkp laces and to  meet a cons ide rab le  range  
o f p o ten tia l and actua l e x p e rt system s users. T h is  section  com prises a s h o r t  
o ve rv ie w  based on th a t experience.
J u s t as we can d if fe re n t ia te  ca tegories  o f e x p e rts  so to  can we see "u s e rs "  
(as app lied  users  o f e x p e rt system s) s p l i t  in to  a num ber o f separa te
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ca tegories . In  some cases, "u s e rs "  a re  fu lly - f le d g e d  "com petence e x p e rts "  
and, as describ ed  above, have been ta u g h t th e ir  e x p e rtis e  b u t  have no 
a p titu d e  to  expand i t .  In  such  la t te r  cases th e y  do no t need e x p e rt system s 
and, usua lly , do no t p ro v id e  good sources fo r  know ledge a c q u is itio n .
Some users a re  "s e m i-e x p e rts "  who, a lthough  th e y  have some w o rth w h ile  
know ledge are no t com petent to  re lia b ly  u nd e rtake  th e  ta sk . For in s tance , 
in  a re p a ir  w o rkshop  s e tt in g , these m igh t be te c h n ic ia n s  who are  
experienced a t re p a ir in g  o th e r  equ ipm en t b u t have o n ly  spa rse  expe rience  
o f th e  equ ipm ent be ing  made th e  s u b je c t o f the  e x p e rt system .
F in a lly , the  low est c a te g o ry  o f use r is  the  "p ro b le m -n a iv e " u s e r who is  
to ta lly  re lia n t on d ire c t  in s tru c t io n s  from  an e x p e rt o r, in  a few  cases, 
gu idance  from  an e x p e rt system . T ra inees and ju n io r  a p p re n tic e s  make up 
th e  m a jo r ity  o f th is  c a te g o ry  in  th e  e ng ine e ring  con tex t. In  th e  non­
e n g in e e rin g  area such pe rson s  are  u su a lly  from  o th e r d e p a rtm e n ts  to  th a t  
w here  th e  e x p e rt ta s k  is  u n d e rta ke n ! Foe instance , in  Pensions Management, 
Personnel D epartm ent c le rk s  w ould  u t il is e  the  s k il ls  o f Pensions O ff ic e rs  b u t  
had l i t t le  u n d e rs ta n d in g  o f even ro u tin e  pensions scheme ru le s  and 
re g u la tio n s .
Of course, th e  ca te g o ris a tio n s  o f e xp e rts  and users suggested  above is  
ra th e r  im prec ise  and in d iv id u a ls  do no t always f i t  e a s ily  in to  a p a r t ic u la r  
c a te g o ry . S im ila rly , in d iv id u a ls  deve lop and change and p a r t ic u la r  
in d iv id u a ls  can change between ca tegories. For ins tance , "s e m i-e x p e rts "  o r  
"com petence e x p e rts "  sometimes overcome gaps in  th e ir  in h e r ite d  know ledge 
and, in  due cou rse  become s u f f ic ie n t ly  experienced to  deve lop  th e ir  own 
in d e p e n d e n t exp e rtise . In  these  in s tances  such th e y  can be cons ide red  to  
have become "know le dge  c re a to r  e x p e rts " even though , on th e  bas is  o f th e ir
360
F actors  roR F b v s i b i u t y . S uccess  or F a il u r e  
p r io r  h is to ry , th e y  w ould no t have seemed to  have e ith e r  the  a p titu d e  o r  
m o tiva tion  to  reach th is  le ve l.
A H ie ra rc h y  o f  E x p e rtis e
In  sum m ary we recogn ise  "a  h ie ra rc h y  o f e x p e rtis e "  em brac ing  the  above 
"e x p e rt"  le ve ls  and also le ve ls  o f those  who a re  u n e q u ivo ca lly  "n o n -e x p e r t" .  
O ur ca tego risa tion  is  as shown below:
Knowledge C rea to r E xperts  who a re  bo th  fu l ly  ta s k  com petent and 
capable o f e x tend ing  and im p ro v in g  th e ir  e x is tin g  e xpe rtise .
Competence E xperts  who are  fu l ly  ta s k  com petent b u t  have l i t t le  ro le  
o r  a p t itu d e  fo r  c re a tin g  o r  d e ve lo p in g  new e x p e rtis e
S em i-E xperts  who have some ta s k  e x p e rtise  w h ich  may how ever be 
incom ple te  o r  u n re lia b le
N o n -E xpe rt W orkers who know o r  a re  associated w ith  th e  ta sk  b u t  
have l i t t le  o r  no w o rth w h ile  ta s k  e x p e rtis e
P roblem -N aive Persons who have no know ledge o r  expe rience  o f th e  
task
(We have d e lib e ra te ly  avo ided th e  "E x p e rtis e -P ro fic ie n c y -C o m p e te n c e - 
Advanced B e g in ne r-N ov ice " ca te g o risa tio n  proposed b y  D re y fu s  and D re y fu s  
(1986) as we fee l th a t the  more s tra ig h t fo rw a rd  d e fin it io n s  above a re  v e ry
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s u ff ic ie n t  fo r  o u r  pu rposes .)
The Needs o f O ccupational E xperts
We d iscuss th e  needs o f th e  v a r io u s  ca tegories  o f users o f ta s k  e x p e rtis e  
in  th e  fo llo w in g  p a rag rap hs .
E xp e rt System s fo r  E xperts?
A ll o f o u r commercial e x p e rt system s im plem entations, in c lu d in g  those  
p ro g re ss in g  from  th e  w o rk  re p o rte d  in  th is  thes is , have been p r im a r ily  
designed to  a llow  persons o th e r  th a n  th e  e x is tin g  e x p e rt to  u n d e rta k e  th e  
des igna ted task . The a v a ila b il ity  and use o f an e x p e rt 's  know ledge b y  
a n o th e r person sepa ra ted  in  tim e o r  space from  the  o r ig in a l e x p e rt seems 
alm ost to  be p a r t  o f th e  im p lic it  d e f in it io n  o f an e x p e rt system . In  fa c t  
many o f the  claim ed commercial b e n e fits  o f e x p e rt system s, such as th e  use 
o f a less experienced  (and th e re fo re  less expensive) person to  u n d e rta k e  a 
task  o r  the  a b il i ty  to  u n d e rta k e  th e  task  a t m u ltip le  o r  rem ote f ie ld  
loca tions, assume a d iffe re n c e  in  id e n t ity  between e x p e rt and user.
So w hat, i f  a n y th in g , is  th e  ro le  o f e x p e rt system s fo r  e x is tin g  e x p e rts  in  
the  same fie ld , in c lu d in g  th e  e x p e r t  o r  exp e rts  from  whom th e  know ledge 
was o r ig in a lly  ca p tu re d ?  In  the  case o f the  more s t ra ig h t fo rw a rd  ta sks  i t  
w ould seem th a t  e xp e rts  ra re ly  need e x p e rt systems. For in s ta n ce , th e  
e x p e rt fo r  Benchtop E le c tro n ic  D iagnosis, a lthough  a most k in d  and 
know ledgeable man, was b a re ly  in te re s te d  in  the  e xp e rt system  based on h is  
know ledge. He w ou ld  adm it th e  system  cou ld  be usefu l to  o th e rs  b u t  cou ld
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see no use fo r  i t  fo r  h im self. S im ila rly , th e  sp o n so rin g  p a r tn e r  and 
m anager fo r  A u d it W ork P lann ing  w ere e n th u s ia s t ic  fo r  the  ro l l - o u t  o f th e  
system  to  th e ir  colleagues b u t n e ve r re a lly  cons ide red  us ing  th e  system  
them selves. In  genera l, fo r  such tasks , e x p e rts  w ill u su a lly  adm it th a t 
e x p e rt system s a re  " c le v e r" , " in te re s t in g "  o r  "u s e fu l" ,  th e y  o ften  cann o t see 
how th e y  cou ld  p e rfo rm  any p ra c tic a l p u rp o se  in  th e ir  own d a y - to -d a y  
w o rk .
The s itu a tio n  was s im ila r w ith  some o f th e  more complex ta sks  such as 
Pensions Management and L ife  U n d e rw r it in g . In  such cases the  key e xp e rts  
w ere  to ta lly  in  command o f th e ir  ta sks  and saw l i t t le  o r  no reason to  use 
th e  system s w h ich th e y  were so keen to  see used by th e ir  co lleagues. 
However, th is  f in d in g  was no t u n iv e rs a lly  t ru e  and the  e xp e rts  fo r  Small 
Business Guidance and M u ltin a tio n a l Tax P lann ing  w ere  keen to  be users  o f 
th e  system s w h ich  th e y  them selves had he lped to  crea te .
In  the  case o f Small Business Guidance th e  f in a l system  was based on the  
know ledge o f fo u r  p r im a ry  e xp e rts  each w ith  ra th e r  d if fe re n t ,  b u t 
o v e r la p p in g , f ie ld s  o f e xp e rtise  in  th e  area o f small business a n a lys is  and 
advice. ( In  Section 3.11 we re fe r  to  the  " th e o re t ic ia n " ,  "c o u n se llin g  e x p e rt"  
and the  "g e n e ra lis ts " .)  These e xp e rts  saw th e  va lu e  to  them selves o f the  
f in a l system  and, a lth o u g h  no t show ing  ove rw h e lm in g  des ire , were 
reasonab ly  keen to  expe rim en t w ith  its  use in  ac tua l c lie n t s itu a tio n s .
For M u ltin a tio n a l Tax P lann ing  th e re  was an even g re a te r  in te re s t  to  use the  
system  in c o rp o ra tin g  th e  know ledge o f se ve ra l c o n tr ib u t in g  e xp e rts . As 
exp la ined in  Section 3.7 the  system  could  be used  to  g ive  tax adv ice  fo r  a 
d if fe re n t  c o n tin e n t to  th a t  w ith  w h ich  th e  u s e r e x p e rt had fa m ilia r ity .  
T h e re fo re  th e  expe rts  in  th is  case cou ld  v e ry  much see the  p o s s ib ility  o f
363
F a c t o r s  f o r  F e a s i b i l i t y . S u c c e s s  o r  F a i l u r e
m aking una ided m u ltin a tio n a l tax  op tim isa tions  in v o lv in g , say, Am erican and 
A ustra las ian  s u b s id ia r ie s  w here  th e ir  own know ledge was more s p e c if ic  to  
Europe.
F u r th e r , and fo r  a reason d if fe re n t  to  Small Business Guidance, th e  shee r 
com p lex ity  o f some o f th e  m u ltin a tio n a l tax  problem s (and th e  c a lc u la tio n s  
associated w ith  them ) cou ld  be more e f f ic ie n t ly  handled b y  th e  M u ltin a tio n a l 
Tax P lann ing  system  e v e n t th o u g h  th e y  were in  the  area o f p r im a ry  
competence o f the  use r e x p e rt (eg re s tr ic te d  to  North Am erican s u b s id ia r ie s )  
and w ou ld  have no rm a lly  been d e a lt w ith  on a labo rious  bas is  b y  th e  e x p e rt.
F u r th e r , and again as exem plified  by  M u ltina tiona l Tax P lann ing , the  
excellence o f the  use r in te r fa c e  in  the  f in a l commercial system  made i t  
a t tra c t iv e  to  use b y  e x p e rts  since, w ith  g re a t ease, th e y  cou ld  e xpe rim e n t 
w ith  a lte rn a tiv e  co rp o ra te  h o ld in g  s tru c tu re s  to  de te rm ine  th a t  w h ich  was 
most tax  e ff ic ie n t.
In  sum m ary, and from  th e  expe rience  o f th is  research , i t  is  ju s t i f ia b ly  
d i f f ic u l t  fo r  e xp e rts  to  see how s tra ig h tfo rw a rd  e x p e rt system s based on 
th e ir  own know ledge can ass is t them. Thus, fo r  know ledge c re a tio n  e x p e rts  
in  ta sks  s im ila r to  Benchtop E le c tro n ic  Diagnosis, the  e x p e rts  a re  cu s to d ia n s  
o f e x is tin g  e xp e rtise  (o fte n  o f th e ir  own o r ig in ) ,  have th e  a b i l i ty  to  ex tend  
i t  and fa il to  see how e x p e rt system s techno logy, w h ich  so fa r  has ju s t  
tra c k e d  th e ir  h is to r ic a l know ledge, can s u p p o rt them. However, when the  
e x p e rt system  has some added value, perhaps by  in c o rp o ra t in g  the  
know ledge o f peer g ro u p  e xp e rts  o r  by  hand ling  o r  m aking  e x p lic it  
p a r t ic u la r ly  complex prob lem s, e xp e rts  w ill o ften  w ish to  e xp e rim e n t o r  use 
the  system  to  w h ich  th e y  have c o n tr ib u te d .
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E x is ting  e x p e rt system s techno logy  has la rg e ly  addressed  th e  cha llenge  o f 
enab ling  less -expe rienced  o r  unexperienced  use rs  to  em ploy the  know ledge  
o f expe rts . In  th e  main, the  te chno logy  has o n ly  in d ir e c t ly  approached th e  
needs o f know ledge c re a to rs  o r  com petence e x p e rts  and th e re  is  some 
c o n s id e ra b le  scope fo r  research  in  d e v is in g  system s to  s u p p o r t  such  
expe rts .
The "H a rd -W ir in g "  o f E x is tin g  Knowledge
As d iscussed above, system s such as th a t  im plem ented fo r  M u ltin a tio n a l Tax 
P lann ing enable both  use rs  and e x p e rts  to  e xp lo re  th e  so lu tio n s  to  nove l 
problem s. T h is  is  in  c o n tra s t to  th e  a u th o r 's  expe rience  o f many com mercial 
e x p e rt system s w h ich do l i t t le  more than  connect a p re -d e te rm in e d  s e t o f 
in p u ts  and o u tp u ts  and so have no chance o f p ro v id in g  new s o lu tio n s  to  
novel problem s.
In  many such commercial system s, in c lu d in g  i t  m ust be adm itted  seve ra l o f 
those w here th e  a u th o r has had an in vo lve m e n t, th e  co n te n t o f both  th e  
sets o f in p u t  and o u tp u t cond ition s , and th e  in te rm e d ia te  lin kag es , have  
been fu l ly  "d e s ig n e d " and tes ted  b y  th e  know ledge e ng ine e r. In  most cases 
th e  know ledge is  p u re ly  sp e c ific  and associa tiona l w ith  l i t t le  o r  no causal 
know ledge to a llow  any extension o f th e  in fe re n t ia l p o s s ib ilit ie s  env isaged  
by the  sys tem 's  im plem entor.
The "h a rd  w ir in g "  o f in fe re n c e  c o n tro l th ro u g h  th e  know ledge base is  also 
common in  commercial e x p e rt system  im p lem en ta tio n s . I t  is  no w onder th a t  
so many know ledge eng ine e rs  re p o r t  th a t  e x p e rts  re a c t to  the  v ie w in g  o f 
" th e ir "  e x p e rt system  w ith  th e  response " I  cou ld  have w r it te n  i t  in  B A SIC ".
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Lack o f W orld Knowledge . . . .
In  many cases the  know ledge c re a tio n  lim ita tio n  re s u lts  from  th e  p ra c tica l 
im p o s s ib ility  o f encod ing  the  w o rld  know ledge ava ilab le  to  th e  human expe rt. 
For ins tance , in  Perm anent Health In su ra n ce , i t  was o n ly  th e  human e xp e rt 
who cou ld  rea lise  th a t a fa m ily  h is to ry  o f e p ile p sy  had p o te n tia lly  d isas trou s  
consequences on th e  ca ree r o f a person who gave th e ir  occupa tion  as 
"e le c tr ic a l pow er e n g in e e r".
In  th is  actual case the  human e x p e rt was able to  p re d ic t  th a t  a person 
whose w o rk  in v o lv e d  close p ro x im ity  to  h igh  vo ltages w ou ld  be unem ployable 
i f  th e y  developed ep ilepsy . No re a lis t ic  e x p e rt system  w ou ld  have had 
s u f f ic ie n t  w o rld  know ledge to  make th is  in fe re n c e  and, in  consequence, set 
an increased  prem ium .
Lack o f w o rld  know ledge is  a se rio u s  p ra c tic a l lim ita tio n  w h ich  is  u n lik e ly  
to  be overcom e in  p ra c tic a l e x p e rt system s in  the  fo reseeab le  fu tu re  and, 
p ro b a b ly  more than  any o th e r  reason, re in fo rc e s  the  need to  re ta in  human 
e x p e rts  in  th e ir  c re a tiv e  ro le , e ith e r  w here  th a t c re a tive n e ss  in v o lv e s  new 
know ledge o r, w ith  some im p o rta n t excep tions, novel so lu tio n s . Such human 
e x p e rts  may, as w ith  M u ltin a tio n a l Tax P lann ing , w o rk  w ith  e x p e r t systems 
b u t  th e  end re s u lt  w ill, be an im provem ent o f problem  s o lv in g  e ffic ie n c y  o r 
q u a lity  ra th e r  than  th e  rep lacem ent o f the  e xp e rt. The p a r t ic u la r  issue o f 
pro b lem  so lv in g  q u a lity  is  d iscussed  below.
E xp e rt Systems fo r  M aintenance o f Problem S o lv ing  Q ua litv
By th e ir  n a tu re , know ledge c re a to r  e xp e rts  a re  u s u a lly  v ig i la n t  to  less
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common c o n d itio n s  and respond a cc o rd in g ly . In  fa c t  th e ir  c re a t iv ity  usua lly  
re lie s  on such v ig ilance .
N everthe less, even expe rts  o f the  h ig h e s t c a lib re  seem to  show v a r ia tio n s  
in  prob lem  so lv in g  q u a lity . For in s tan ce  Telecom Repair S e rv ice  in  
p a r t ic u la r  showed us th a t exp e rts  o f a p p a re n t equa l know ledge showed 
co n s ide rab le  d iffe re n c e s  in  problem  s o lv in g  q u a lity .  Thus, based on the  
same expe rience , some RCOs were fa r  more l ik e ly  to  make novel and c o rre c t 
d iagno s is  th a n  o th e r RCOs who, a p p a re n tly , to o k  less tro u b le  and gave 
"d e fa u lt"  s ta n d a rd  diagnoses w h ich  d id  no t ta k e  in to  accoun t th e  novel 
fe a tu re s  (o r  c lues) in  the  problem .
In  fa c t d u r in g  o u r in it ia l obse rva tions , we n o tice d  an a p p a re n t t ra d e o ff 
between prob lem  s o lv in g  q u a lity  pe rfo rm ance  and prob lem  s o lv in g  ra te . 
(T h is , o f course , was also seen w ith  L ife  U n d e rw r it in g  w here  management 
w ere  f irm ly  in  fa v o u r  o f a h igh  tu rn o v e r  even  i f  th is  low ered  " q u a li ty " . )  
Thus, in  Telecom Repair S erv ice , those RCOs who ach ieved  the  most 
in s ig h t fu l and c o rre c t d iagnoses u sua lly  made less  d iagnoses in  a w o rk in g  
day. N everthe less, i f  cha llenged, the  fa s te r  and a p p a re n tly  less able 
d ia g n o s tic ia n s  were able to  make e q u a lly  c re a tiv e  and  in s ig h t fu l d iagnoses 
as those RCOs who w ere s low er and, a p p a re n tly , more c re a tiv e  in  th e ir  
prob lem  so lv in g . Such d iffe re n c e s  d id  n o t seem m o tiva ted  b y  any  pe rce ived  
p re s s u re s  b y  management to  e ith e r  o f fe r  " q u a l i ty "  o r  " q u a n t i ty " .  In  fa c t 
th e  d iffe re n c e s  were f i r s t  po in ted  o u t to  th e  a u th o r  b y  th e  RSC e n g in e e rin g  
manager who expressed o n ly  in te re s t and c e r ta in ly  no n e g a tive  op in ions  to  
e ith e r  g ro u p  o f eng ineers.
As a re s u lt  o f  these sem i-fo rm a l o bse rva tions , and  s im ila r  o b s e rv a tio n s  from  
some o f th e  o th e r  tasks in v e s tig a te d , we s u g g e s t th a t  th e re  is  a need fo r
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system s to  s u p p o rt prob lem  s o lv in g  q u a lity . In  p a r t ic u la r  th e re  seems to  
be a tenden cy  fo r  some e x p e rts  to  ig n o re  c lues and move d ire c t ly  to  a q u ic k  
"c o n v e n ie n t"  s tra ig h tfo rw a rd  so lu tion .
E xp e rt "S u b -S vs te m s"
P a rt o f  the  reason w hy an e x p e rt 's  q u a lity  may d ro p  is  th a t  th e  e x p e rt has 
to  cope w ith  the  problem  s o lv in g  w o rk  associated w ith  h is  e x is tin g  
know ledge and, a t the  same time, cope w ith  p a ra lle l in fe re n c e s  w here the  
know ledge is  no t so well es tab lished . Thus th e re  may be a real o p p o r tu n ity  
fo r  "e x p e rt su b -sys te m s" to  w h ich  c re a tiv e  e x p e rts  can "d e v o lv e "  some o f 
th e ir  more mundane problem  s o lv in g  a c t iv ity .
T a k in g  th is  idea fu r th e r ,  and e n v isa g in g  such system s in  place, th e y  w ould 
have a use fu l ro le  in  p ro m p tin g  the  e x p e rt to  p a r t ia l prob lem  conclus ions. 
Thus, in  a m anner analogous to  a b lackboa rd  system , sem i-in depen den t 
know ledge sub -sys tem s ( re ly in g  on es tab lished  "know le dge  so u rce s ") w ould 
o p e ra te  in  the  b a ckg ro u n d  and th ro w  p a r t ia l p rob lem  conc lus ions  in to  the  
human e x p e rt's  w orkspace to  enable him o r  h e r to  make th e  f in a l c re a tiv e  
(o r  n o n -c re a tiv e ) leap to  a problem  so lu tion .
The Needs o f Knowledge U sers
So fa r  we have we have d iscussed the  needs o f know ledge c re a to rs . In  th e  
fo llo w in g  p a rag rap hs  we con s id e r le sse r "u s e r "  ca tego ries  o f know ledge 
w o rk e rs .
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Q u a litv  C ontro l and "C h e c k lis tin g "
We have a lre a d y  d iscussed above some o f th e  specia l problem s o f 
"M ain tenance o f Problem S o lv ing  Q u a lity "  w ith  specia l re fe ren ce  to  
know ledge c re a to r  expe rts .
The m aintenance o f p rob lem  s o lv in g  q u a li ty  pe rha ps  app lies  even more 
a c u te ly  to  the  "s e m i-e x p e rts " who s u p p o r t  and le a rn  from  the  know ledge 
c re a to rs  and o th e r  fu l ly  experienced  e xp e rts .
In  Benchtop E lec tron ic  D iagnosis in  p a r t ic u la r  th e re  was ev idence o f 
cons ide rab le  la c k  o f care and r ig o u r  on th e  p a r t  o f some "e x p e rts " .  In  th is  
and o th e r cases management o fte n  a tte m p t to  t r y  to  in tro d u c e  ch e c k lis ts  and 
o th e r  q u a lity  c o n tro l p roced u re s  in  an a tte m p t to  fo rc e  s ta f f  in to  r ig o ro u s  
p ra c tice s . T h is  has a lre a d y  been d iscussed  s e p a ra te ly  in  C hapter 4 on 
prob lem  s o lv in g  p rops . The use o f such c h e c k lis ts  and o th e r  devices p o in ts  
to  a c lea r need fo r  s u p p o rt to  problem  s o lv in g  r ig o u r  in  th e  know ledge u s e r 
com m unity.
In  some cases, even th o u g h  some o f th e ir  "e x p e rt is e "  is  l i t t le  more th a n  
c h e c k lis tin g , e x p e rt system s (w here  th e  c h e c k lis ts  a re  e sse n tia lly  h id d e n ) 
p ro v id e  a fa r  more soc ia lly  acceptab le means o f m a in ta in in g  problem  s o lv in g  
q u a lity  than  more tra d it io n a l c h e c k lis ts  w h ich  a re  o fte n  resen ted  and p o o rly  
used by w o rk e rs .
S u p p o rt fo r  Problem S o lv in g  Props and Coping S tra te g ie s
C heck lis ts , w h ich  are m entioned above, a re  a use fu l fo rm  o f problem  s o lv in g
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p ro p . As d iscussed in  C hapte r 4 th e re  are  a range  o f e x is tin g  problem  
s o lv in g  p rops w h ich  e ith e r  e xp e rts  have dev ised  them se lves o r are  
in s t i tu t io n a lly  p ro v id e d  to  fa c il ita te  th e ir  w o rk .
In  re cogn is in g  th a t e xp e rts  h a v e  an e x is tin g  need to  use such p rops , we 
s u g g e s t th a t such needs m igh t be b e t te r  met as p a r t  o f an e x p e rt system s 
u se r s u p p o rt system . Such s u p p o r t  w ill p ro b a b ly  be in  a s l ig h t ly  d if fe re n t  
o r  " in te l l ig e n t"  fo rm  to  those used b y  u n su p p o rte d  e xp e rts .
F le x ib il i ty of  Usage
In  some tasks, such as Benchtop E le c tro n ic  D iagnosis, A u d it  W ork P lann ing 
and L ife  U n d e rw r it in g , th e  e x p e rt is  f re e  to  ado p t a p re -o rd a in e d  
"p ro c e d u re "  to  problem  so lu tion .
Thus in  Benchtop E lec tron ic  Repair th e  d ia g n o s tic ia n  is  s im p ly  faced w ith  
a n o n -o p e ra tive  u n it  and can se t a b o u t d iagnos is  in  a ro u t in e  and re g u la r  
p a tte rn . As a re s u lt,  th e  TRACKER e x p e rt system  cou ld  o f fe r  such adv ice  
to  a use r w ith  no re q u ire m e n t fo r  f le x ib i l i t y  o f problem  s o lv in g  p rocedu re .
S im ila rly  an a u d it  can, and is , p lanned in  an o rd e r ly  and m ethodica l m anner 
on th e  basis o f p re -e x is t in g  fa c ts  and A u d it  M anagers w ill te n d  to  so lve the  
"a u d it  p lann ing  p rob lem " in  th e  same way on each occasion. The 
u n d e rw r ite r ’s problem  s o lv in g  in  L ifo  U n d e rw r it in g  is  even more ro u tin e .
As a re s u lt  th e  e x p e rt system s th a t s u p p o r t these  ta sks  need o n ly  embody 
a s in g le  rou te  to  th e  same so lu tio n . In  c o n tra s t o th e r  ta s k s  id e a lly  demand 
more f le x ib il i ty  in  usage.
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For Ins ta nce  in  Pensions Management the  Pensions o r  Personnel O ff ic e r has 
to answ er the  Scheme M ember's e n q u iry  based on d e ta ils  sometimes p ro v id e d  
v e rb a lly  and sometimes in  w r it in g .  In  such cases th e  human e x p e rt is  able 
to  f le x ib ly  a lte r  h is  o r  h e r problem  s o lv in g  to  ta k e  acco u n t o f  th e  d if fe re n t  
ways in  w h ich in fo rm a tio n  is  p ro v id e d  and re q u e s te d . The im p lem entation 
fo r  th e  Pensions Management e x p e rt system  o f fe rs  some f le x ib i l i t y  in  th is  
re s p e c t b u t i t  is  no t a fe a tu re  re g u la r ly  fo u n d  in  e x p e r t  system s and, even 
in  th is  case, the  f le x ib i l i t y  does no t nea rly  app ro ach  th a t  p ro v id e d  by the  
human pensions e xpe rt.
R ecogn ition  o f "Good S o lu tio ns "
In  th e  in v e s tig a tio n  o f Job Shop S chedu ling  we recogn ised  th a t  e x p e rt 
s c h e d u le rs  w ere fa r  more com petent a t re c o g n is in g  a "good sched u le " than  
g e n e ra tin g  one. Thus, a ltho ugh  schedu le rs  may have  l i t t le  a b i l i ty  to  f in d  
a good so lu tion  una ided, th e y  are  usua lly  ab le  to  say w h e th e r a schedule  
is  "a  good schedu le ".
A s im p le  ana logy would be to  sugg es t th a t th e  s itu a t io n  is  s im ila r to  the  
in d iv id u a l who canno t so lve a c ro ss -w o rd  p u zz le  y e t  is  e a s ily  able to  
recogn ise  and app rec ia te  a good so lu tion . In  th e  case o f th e  c ro ss -w o rd  
puzz le  a "good s o lu tio n " would, fo r  in s ta n ce , necess ita te  th a t  w ords 
in te r lo c k  and are  va lid  so lu tions  to  the  clues.
However, in  th e  case o f sched u le rs  the  re c o g n it io n  o f "goo dness" o f the  
s o lu tio n  does no t m ere ly depend on the  sim ple m echanical c h e ck in g  th a t the  
sched u le  meets the  v a r io u s  c o n s tra in ts  e tc. T h e re  seem to  be some 
"a e s th e tic "  fe a tu re s  o f a good schedule  w h ich  s c h e d u le rs  recogn ise  o v e r and
371
F a c to r s  for  F e a s i b i l i t y . S u c c e s s  or F a il u r e  
above i t s  sim ple so lu tion  to  th e  in i t ia l  problem .
In  th e  in v e s tig a tio n  o f Job Shop S chedu ling , s c h e d u lin g  e xp e rts  d id  no t 
seem able to  express th e ir  know ledge on w ha t c o n s titu te s  a "good sched u le " 
o v e r and above the  sim ple m eeting o f c o n s tra in ts . However, th e ir  a b i l i ty  to  
recogn ise  good schedules, even th o u g h  th e y  cou ld  o n ly  p a r t ia l ly  exp la in  
w ha t made them "goo d ", seems a use fu l fo rm  o f know ledge w h ich  cou ld  be 
exp lo ited  to  eva lua te  schedu les p rodu ced  e ith e r  m anua lly  o r  b y  a 
know ledge-based schedu le r.
The p a r t ia l exp lana tions o f "a e s th e tic  goodness" p o in ted  a t issues such as 
th e  load balance on in d iv id u a l resources, the  a p p a re n t ro b us tness  o f th e  
schedu le  to  the  need to  accep t u rg e n t o rd e rs  and cope w ith  resou rce  
breakdow ns, and the  e x te n t to  w h ich  th e  schedu le  meets due dates " ju s t  in  
tim e" ra th e r  than  com ple ting  o rd e rs  w e ll ahead o f re q u ire m e n t.
O bv ious ly  such fa c to rs  re p re s e n t a d d itio n a l c o n s tra in ts , o v e r and above 
s tra ig h t fo rw a rd  m eeting o f due dates e tc, w h ich  m ig h t be in c o rp o ra te d  in  
an e x p e rt sched u ling  system  to  p rodu ce  schedu les w h ich  no t o n ly  s a tis f ie d  
th e  e x p lic it  c o n s tra in ts  b u t  also th e  "good sched u le " c o n s tra in ts  o f th e  
e x p e rt schedu le r. Knowledge re le v a n t to  the  "good sched u le " c o n s tra in ts  
m ig h t be in d u c t iv e ly  a cq u ire d  b y  ask in g  e x p e rt sch e d u le rs  to  score  
schedules and, once made e x p lic it,  cou ld  be in c o rp o ra te d  in to  th e  e x p e rt 
s y s t e m .
Summary
We re je c t the  s im p lis tic  idea th a t "e x p e r ts "  a re  the  sou rce  o f know ledge fo r
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e x p e rt sys tem s used b y  "u s e rs " . We su g g e s t th a t  th e re  are  a range  o f 
ca tego ries  o f e xp e rts  and users to  be cons ide red  and th a t, a lth o u g h  i t  is  
s t i l l  d i f f ic u l t  to  p ro p e r ly  s u p p o rt "e x p e rts " ,  th is  and th e  issu e  o f s u p p o rt 
fo r  d i f fe re n t  typ e s  o f users is  an essen tia l s te p  in  e n s u rin g  the  
a p p ro p r ia te n e s s  o f ari e x p e rt system  fo r  i t s  e n v iro n m e n t.
6.10 SPECIFIC HARDWARE ISSUES
We have a lre a d y  d iscussed the  economics o f h a rd w a re  p ro v is io n  above. 
N everthe less, a p a rt from  cost, ha rdw a re  issues a re  o fte n  c ru c ia l in  
commercial e x p e rt system s w ork . For in s tan ce , in  Telecom Repair S e rv ice  
the  e x p e rt system  could n o t be po rte d  to  th e  Honeywell h a rd w a re  s u p p o rtin g  
th e  re co rd  keep ing  so ftw a re  used by  th e  d ia g n o s tic ia n . In  a d d itio n  to  o th e r 
prob lem s th is  p reven ted  th e  e x p e rt system  be ing  co n s id e re d  fo r  fu l l  f ie ld  
usage.
In  o th e r  cases the  ha rdw are  issue has been so lved . In  L ife  U n d e rw r it in g  
i t  was d i f f ic u l t  and tim e-consum ing to  b u ild  a system  in  IBM 's ESE and then 
A ion 's  ADS on th e  IBM m ainfram e com puter. The p ro je c t  in v o lv e d  much lo s t 
tim e because ESE d id  no t s u p p o rt re -e n tra n t  code o r  know ledgebases and 
th e re fo re  was useless fo r  more than  ju s t  a few  use rs . N everthe less, once 
th is  prob lem  was so lved by  re -im p lem en tin g  in  ADS, th e  e x p e rt system  
moved im m edia te ly  in to  w idescale p ro d u c tiv e  usage w ith  th e  com pany 's  many 
m ainfram e users .
A lth ough  n o t s t r ic t ly  a h a rd w a re  m a tte r, in te r fa c in g  and in te g ra tio n  issues 
can o fte n  ta k e  more tim e to  complete than  th e  e x p e rt system  its e lf .  Th is  
was p a r t ic u la r ly  t ru e  fo r  L ife  U n d e rw r it in g  w h ich  in v o lv e d  v e ry
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cons ide rab le  usage o f m ainframe data. S im ila rly , in te r fa c in g  to  in fo rm a tio n  
feeds and sou rces  w ould have en ta iled  m ajor w o rk  in  E u robond  W arran t 
T ra d in g .
6.10 OPPORTUNITIES FOR COMMUNICATIVE EXPERT SYSTEMS
The re p o r t  on Benchtop E lec tron ic  D iagnosis in  C hap te r 3 d iscusses the  
to p ic  o f  "D e s ign -D iagn os tic  E xp e rt System s" to  a id th e  com m unication 
between the  d e s ig n e r and the  re p a ir  techn ic ian  who bo th  have separa te  
e x p e rtis e  co n ce rn in g  the  same item  o f equ ipm ent. Th is  exam ple is  b u t one 
o f a num ber o f o p p o rtu n it ie s  fo r  w hat we te rm  "C om m unica tive  E xp e rt 
S ystem s". As d iscussed  above i t  is  sometimes v e ry  d i f f ic u l t  to  p ro v e  the  
c o s t-e ffe c tiv e n e s s  o f a p a r t ic u la r  e x p e rt system  espe c ia lly  when i t  does no 
more than  s u p p o r t  o r  re p lica te  s k il ls  a lready  e x is tin g  in  th e  business. 
Com m unicative E x p e rt System, w h ich  fo llow  the  tre n d  o f d is tr ib u te d  
com puting  e n v iro n m e n t, would o f fe r  new fu n c t io n a lity  and co u ld  overcom e 
one o f th e  m a jo r obstacles to  e ff ic ie n c y  in  commerce and in d u s t r y .  Many 
w o rk e rs  are  e s tab lishe d  e xp e rts  a t th e ir  ta sks  b u t th e  in s t itu t io n a lis e d  
b a r r ie rs  to  com m unication between d if fe re n t  o rgan isa tion a l h ie ra rc h ie s  and 
d i f fe re n t  s ta tu s  g ro u p s  p re v e n ts  th e  use fu l flow  o f know ledge  and 
in fo rm a tio n  between w o rke rs  who are v e ry  o ften  se p a ra te ly  dea ling  w ith  
d i f fe re n t  aspects  o f the  same problem . The examples used in  w h a t fo llow s 
come from  th e  in v e s tig a tio n s  re p o rte d  in  C hapte r 3 b u t  have been 
supp lem ented w ith  o th e r cases from  common experience.
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D e s ign -D iagn os tic  C oopera tive  E xp e rt Systems
T h is  has a lrea dy  been fu l ly  d iscussed in  re sp e c t o f Benchtop E le c tro n ics  
D iagnosis. However, a s im ila r  s itu a tio n  m ust e x is t between th e  d e s ig n e rs  
and re p a ire rs  o f dom estic e le c tr ic a l/e le c tro n ic  equ ipm ent, m oto r ca rs  and 
s im ila r goods. For in s tan ce , re p a ire rs  o f dom estic w ash ing  m achines w ill 
a lw ays comment on the  s tu p id ity  o f ce rta in  des ign  fe a tu re s , o fte n  in v o lv in g  
th e  tra p p in g  and damage to  w ire s  and gaske ts . A lth o u g h  Benchtop 
E le c tro n ic  D iagnosis p resen ted  an ideal case fo r  d e s ig n e r- te c h n ic ia n  
in te rcom m u n ica tion  i t  seems l ik e ly  th a t s im ila r cases m ust e x is t w h e re  the  
ideas o u tlin e d  in  C hap te r 3 cou ld  be app lied.
Problem R e fe rra l E xp e rt System s
A need fo r  a prob lem  re fe r ra l system  o ccu rre d  d u r in g  the  im p lem en ta tion  o f 
th e  Small Business G uidance e x p e rt system. D iffe re n t e xp e rts  a re  able to  
deal w ith  specia l areas o f a problem  and, fo r  in s tan ce , a g e n e ra lis t a t 
bus iness  gu idance  w ould  need to  re fe r  to  a s p e c ia lis t fo r  adv ice  on a hotel
bus iness o r  a d a iry  fa rm . An e x p e rt system s im p lem enta tion  can, o f  course,
co ve r th e  know ledge o f a ll such "s e c to r /n ic h e  e x p e rts "  b u t  th is  is  
expensive . In  some cases w ha t is  re q u ire d  is  an e x p e rt system  to  p re p a re  
a re p o r t  c o v e rin g  the  essen tia ls  o f the  problem  to  th e  sec to r e x p e r t  so th a t
a p p ro p ria te  gu idance  can be g iven  on the  spec ia l area.
A s im ila r example e x is ts  between GP and C o n su lta n t w here  the  GP p repa res  
the  in fo rm a tio n  fo r  the  C o nsu ltan t to  make th e  s p e c if ic  te s ts  and d iagnos is . 
C u rre n t ly  th is  is  u su a lly  accom plished v ia  a le t te r ,  sometimes v e ry  b r ie f  and 
occas iona lly  n e a r- il le g ib le . A b e tte r  so lu tio n  m ig h t be to  have  a case
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re fe r ra l e x p e rt system  w hich p rom pted th e  GP to  e n te r  th e  key re fe r ra l 
in fo rm a tio n  and then  w h ich , a t some la te r  stage, p rom p te d  a n u rse  o r  
a s s is ta n t to  e n te r  more com prehensive re le v a n t case d e ta ils  in  o rd e r  th a t 
the  e x p e rt system  could p repa re  a com prehensive  re fe r ra l le t te r  to  th e  
C o nsu ltan t c o v e rin g  the  sp e c ific  fa c ts  needed b y  the  C o n su lta n t to  com plete 
th e  f u r th e r  d iagnos is  and trea tm en t.
Of cou rse , a prob lem  re fe r ra l e x p e rt system  w ould o n ly  be poss ib le  i f  th e  
g e n e ra lis t, GP o r  o the rw ise , were able to  s u f f ic ie n t ly  re co g n ise  th e  broad 
sym ptom s in  o rd e r  to  make a re fe rra l to  the  c o rre c t e x p e rt. In  th e  case o f 
Small Business Guidance we were c o n fid e n t th a t such  re fe r ra ls  were 
com pe ten tly  made. However, in  the  main, th e  know ledge o n ly  in v o lv e d  
re c o g n is in g  th e  business secto r in  w h ich  th e  businessm an w o rked  and 
se le c tin g  an a p p ro p ria te  sec to r e x p e rt w ith  sp e c ia lis t know ledge  o f th a t 
sec to r. The re fe r ra l ta sk  fo r  a GP is  o fte n  much more d i f f ic u l t  and i t  w ould  
fo rm  an in te re s t in g  area o f research to  de term ine th e  ty p e  o f know ledge 
re q u ire d  fo r  re fe r ra l and how th is  d i f fe r s  from  the  know ledge  to  u n d e rta k e  
the  in -d e p th  ta s k  its e lf.
H ie ra rch ica l E xp e rt Systems
The te rm  "H ie ra rc h ic a l E xp e rt System s" is  used to re fe r  to  a specia l fo rm  
o f com m unica tive  e x p e rt system s re p la c in g  a series o f h ie ra rc h ic a l e xpe rts . 
An e xce lle n t example is  p ro v id e d  and d iscussed in  the  sec tion  on Job Shop 
S ch edu ling  in  C hapter 3. Here the  e x is tin g  task  was s u p p o rte d  by  an 
h ie ra rc h y  o f sched u ling  exp e rts  w ith  a tim e de lay between each le ve l o f th e  
h ie ra rc h y . Replacing th e  h ie ra rc h y  b y  a s in g le  e x p e rt system  w ou ld  have 
p re v e n te d  c a ta s tro p h ic  manpower wastages when u rg e n t re -s c h e d u lin g  was
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necessary because th e  o r ig in a l schedule cou ld  no t be com pleted.
6.11 SUMMARY
T h is  co n te n t o f  th is  ch a p te r d ire c t ly  a rises from  the  in v e s tig a t io n s  re p o rte d  
in  C h ap te r 3. The h is to ry  o f e xp e rt system s is  l i t te re d  w ith  exam ples o f 
system s th a t  w ere  "n e v e r  q u ite "  f in is h e d  o r  b ro u g h t in to  a c tiv e  succe ss fu l 
use. U su a lly  th e  reasons are n o n -te ch n ica l and sometimes c o m p a ra tive ly  
t r iv ia l .  However, the  w o rld  o f e x p e rt system s has been b lig h te d  b y  such 
fa ilu re s  and i t  is  hoped that, b y  structuring the experience gained from  the 
in v e s tig a tio n s  re p o rte d  in  C hapter 3, i t  may be poss ib le  fo r  o th e r  w o rk e rs  
to  avo id  some o f th e  p it fa lls .
N everthe less, some obstacles w ill remain, p a r t ic u la r ly  associa ted w ith  the  
cost o f im p lem en ting  and m ain ta in ing  system s. Such costs  a re  u n lik e ly  to  
be reduced  s in ce  know ledge e n g ine e ring  e f fo r t  is  expens ive , even i f  i t  is  
be ing  g ra d u a lly  be ing  enhanced by  a p p ro p ria te  n o n - in t ru s iv e  s u p p o r t iv e  
too ls  and m ethods. In  such cases the  e x p e rt system s im p lem en to r m ust look 
to  th e  o th e r  s id e  o f the  c o s t-b e n e fits  equa tion  to  de te rm ine  w h a t a d d itio n a l 
advan tages can be o ffe re d  o ve r and above th e  mere re p lic a tio n  o f e x is tin g  
e xpe rtise . Such a d d itio n a l bene fits  m igh t enable th e  f in a n c ia l ju s t i f ic a t io n  
more e x p e rt system s to  be deployed in  o rg a n isa tio n s  w h ich  up to  now have 
no t s e r io u s ly  adopted th e  techno logy.
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CHAPTER 7 -  PROSPECTS FOR EXPERT AND KNOWLEDGE-BASED SYSTEMS
7.1 INTRODUCTION
This  c h a p te r takes a re a lis t ic  v iew  o f the  p ro sp e c ts  fo r  know ledge-based  
system s and, in  p a r t ic u la r ,  e x p e rt system s. The v iew  has been deve loped 
p a r t ia l ly  as a re s u lt  o f th e  a u th o r 's  own w o rk , as re p o rte d  and d iscussed  
in  th is  thes is , and p a r t ia l ly  as a re s u lt  o f h is  o b se rva tio n s  o f th e  w o rk  o f 
the  e x p e rt system s com m unity o f w h ich  he is  member.
The commercial prom ise o f e x p e rt system s has n o t y e t been d e liv e re d . Yet, 
and p ro b a b ly  lik e  anyone else who has d e liv e re d  com m ercia lly succe ss fu l 
e x p e rt system s, th e  a u th o r  rem ains conv inced  th a t  th e  tech n o lo g y  has th e  
p o te n tia l to  o f fe r  v e ry  g re a t bus iness advantages. So, fo r  th e  a u th o r , th e re  
is  no ques tion  as to  w h e th e r e x p e rt system s can com m ercia lly  s u rv iv e  and 
f lo u r is h . The que s tio n s  th a t  concern him a re  how and when th is  may 
happen and, v e ry  p a r t ic u la r ly ,  w ha t are  th e  fa c to rs  th a t a re  p re v e n tin g  
e x p e rt system s f u l f i l l in g  th e  ro le  th a t has been lo ng  prom ised fo r  them.
The a u th o r sugg es ts  th a t  the  in v e s tig a tio n s  in  th is  thes is , and th e  re s u lts  
d raw n from  them , o f fe r  some c lues in  answ er to  these  questions. T he re  are  
no d ram a tic  answ ers and the  o v e r r id in g  o b s e rv a tio n s  are sim ple:
1. The te chno logy  shou ld  no t be used fo r  ta s k s  to  w h ich i t  is  u n f it te d .
2. I he methods, e sp e c ia lly  KADS, m ust be a p p ro p ria te , o r  be made 
a p p ro p ria te , fo r  use in  deve lop ing  th e  re q u ire d  a p p lica tio n s .
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3. Knowledge m ust be considered  as a com ponent o f co n ve n tio n a l system s 
re f le c t in g  bus iness needs and n o t so le ly  fo r  in c o rp o ra tio n  in  KBSs 
whose c o n s tru c tio n  is  o ften  d r iv e n  by  ava ilab le  know ledge.
4. "D e s ig n " m ust take  an in c re a s in g ly  m ajor ro le  in  th e  deve lopm en t o f 
system s in c o rp o ra tin g  know ledge.
5. Knowledge based system s shou ld  be ta rg e te d  n o t o n ly  a t ta s k s  w here  
e x p e rts  a re  com petent b u t in c re a s in g ly  tow ard  ta s k s  w he re  e x p e rts  
can n e ve r be com petent.
7. U n sa tis fie d  bus iness o p p o rtu n it ie s , espe c ia lly  those  in v o lv in g  
know ledge a t the  co rp o ra te  ra th e r  than in d iv id u a l le v e l, shou ld  be 
e n th u s ia s tic a lly  addressed.
The a u th o r  is  o p tim is tic  th a t such conclus ions, i f  fo llow ed , can lead to  th e  
much w id e r u p take  o f e x p e rt and know ledge-based system s tech n o lo g y . 
Each o f the  above o b se rva tio n s  is  sepa ra te ly  d iscussed  in  th e  fo llo w in g  
sections. For convenience in  th is  chap te r, and excep t w here  e x p lic it ly  
s ta te d , th e  te rm  "e x p e rt system s" w ill be used in  a genera l sense to  c o ve r 
bo th  e x p e rt and know ledge-based system s.
7.2 AVOIDING FAILURE FROM APPLICATION/TECHNOLOGY MISMATCH
C h ap te r 6 cove red  a range  o f fa c to rs  p red isp o s in g  to  th e  fe a s ib il ity ,  success 
o r  fa i lu re  o f an e x p e rt system  p ro je c t. L ike any o th e r  te ch n o lo g y , e x p e rt 
system s te chno logy  canno t be expected to  be use fu l fo r  ta s k s  to  w h ich  i t  
is  u n f it te d .  T he re fo re , and ta k in g  up  some o f the  p o in ts  from  C h ap te r 6,
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in te n d in g  e x p e rt system s im plem enters shou ld  no t add re ss  ta s k s  w here  th e  
e x is tin g  e x p e rt know ledge is  incom plete as w ith  Perm anent Health In s u ra n c e  
o r  u n re lia b le  o r  u n s ta b le  as w ith  E urobond W arran t T ra d in g . And i t  is  
unw ise to  a tte m p t to  s u p p o r t  problem  s o lv in g  w here, as in  E u robond W a rra n t 
T ra d in g , th e re  is  a key re q u ire m e n t to  encode a mass o f v e rb a l and v is u a l 
data. S im ila rly , th e  re p u ta tio n s  o f both the  te ch n o lo g y  and th e  im p lem en to rs  
w ill be damaged i f  te c h n ic a lly  successfu l e x p e rt system s a re  prom oted fo r  
ta sks  w here th e y  canno t be c o s t-b e n e fit  ju s t i f ie d .
O the r de ta iled  issues  a re  d iscussed in  C hap te r 6. T h is  th e s is  has cove red  
some indicators as to tasks for which th e re  a re  te ch n ica l reasons m aking i t  
u n lik e ly  th a t  an e ffe c tiv e  e x p e rt system can be im plem ented. We have also 
in d ica te d  some o f th e  o rg a n isa tio n a l b a r r ie rs  th a t  may p re v e n t a p o te n tia lly  
te c h n ic a lly  adequate  system  being im plem ented o r  adopted. W hat is  n o t 
covered , and is  n o t a p p ro p ria te  fo r  th is  th e s is , a re  th e  s tra ig h t fo rw a rd  
c o s t-b e n e fit  a n a lys is  m ethods w hich can v e ry  q u ic k ly  in d ic a te  w h e th e r any  
proposed system  has a chance o f commercial success. U n less any proposed  
system  can s a t is fy  a ll o f  the  techn ica l, o rg a n isa tio n a l and c o s t-b e n e fits  
requ ire m en ts  then , un less a genuine research  o b je c t iv e  is  be ing  fo llow ed , 
i t  is  fo o lh a rd y  fo r  th e  commercial im p lem entor to  proceed.
7.3 KADS -  A CONSTRUCTIVE COMMENTARY FOLLOWING THIS RESEARCH
The KADS m ethodology, d iscussed  in  C hapte r 2, was n o t used in  s u p p o r t o f  
the  in v e s tig a t io n s  re p o rte d  in  th is  thesis. However, i t  is  u se fu l to  c o n s id e r 
the  f in d in g s  o f th is  resea rch  in  re la tio n sh ip  to  th e  KADS m ethodology. In  
p a r t ic u la r ,  w h a t is  th e  re levance o f th e  problem  s o lv in g  com ponents, 
p ro g re s s iv e ly  id e n t if ie d  in  C hapter 3 and sum m arised in  C hap te r 5, to  th e
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know ledge used b y  KADS in  th é  c o n s tru c tio n  o f a know ledge-based  system?
A t f i r s t  s ig h t, th e re  w ould seem to  be a v e ry  c lea r answ er to  th is  question . 
From th e  a u th o r 's  u n d e rs ta n d in g  o f the  KADS m ethodology i t  w ou ld  seem 
th a t most o f the  com ponents are  re a lly  consequences o f th e  c o g n itiv e  
l im ita tio n s  o f th e  human prob lem  so lve r. Thus, i t  is  re la t iv e ly  easy to  
ju s t i f y  the  local o p p o r tu n is t ic  m aintenance search th a t  o c c u rs  a t th e  
conclus ion  o f E n g in e e rin g  P re v e n ta tiv e  Maintenance as a v a lid  consequence 
o f th e  phys ica l system  be ing  d iagnosed.
However, the  search p re -c o n s tra in in g  th a t occu rs  in  M u ltin a tio n a l Tax 
P lann ing  (and th e  feedback  th a t  takes place to  com pensate fo r  the  
shortcom ings  o f such sea rch ) is  v e ry  e v id e n tly  a consequence o f th e  
in a b i l i ty ' o f th e  human prob lem  s o lv e r to  know o r  s im u lta n e o u s ly  cons ide r 
th e  whole domain o f in te rn a tio n a l tax  regu la tions . T h e re fo re , s in ce  KADS is  
ta rg e te d  on th e  c re a tio n  o f a com pute r a rte fa c t, ra th e r  th a n  a s im u la tion  o f 
th e  e xp e rt, th e re  is  no reason w hy i t  shou ld  in c o rp o ra te  know ledge  so le ly  
re q u ire d  to  overcom e th e  sho rtcom ings  o f the  human prob lem  s o lv e r. Such 
com ponents seem bes t le f t  b eh ind  when the  know ledge is  t ra n s fe r re d  to  the  
know ledge-based system  and rep laced by  more ra tio n a l s t ru c tu re s .
T h e re fo re , i t  w ou ld  seem th a t  KADS shou ld  no t cons ide r m ost o f th e  problem  
so lv in g  com ponents sum m arised in  C hapter 3. C e rta in ly  we w ould no t 
advocate  the  b u ild in g  o f k n o w le d g e -b a s e d  system s w h ich  m ere ly  m im icked 
the  human prob lem  s o lv e r 's  b e h a v io u r. (However, i f  th is  w e re  re q u ire d  to  
be done then  i t  w ou ld  no t appear to  be d i f f ic u l t  to  c o n s tru c t in te rp re ta t io n  
models in c o rp o ra tin g  th e  prob lem  so lv in g  com ponents such  as those 
d iscussed  in  C hap te r 5.)
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N everthe less, a ltho ugh  th e re  is  p ro b a b ly  no m e rit in  s im u la tin g  such 
com ponents, we fee l th a t  an u n d e rs ta n d in g  o f th e ir  ex istence is  ra th e r  
use fu l. Such asse rtion  is  made on the  basis o f th e  f in d in g s  on th e  
w o rth w h ile  sample o f p rob lem  s o lve rs  th a t we have in v e s tig a te d .
There  appear to  be th re e  re le v a n t conc lus ions. F irs t ,  i t  seems l ik e ly  th a t 
v e ry  s im ila r com ponents a re  fo u n d  in  e x p e rts  s o lv in g , o r  a tte m p tin g  to  
so lve, v e ry  d if fe re n t  prob lem s. Second, th e  prob lem  s o lv in g  o f th e  e x p e rts  
is  v e ry  much d is to r te d , o r  non -op tim ised , to  accommodate the  com ponents 
needed to  overcom e the  e x p e rt 's  c o g n itiv e  lim ita tio n s . T h ird , some prob lem s 
(such as Eurobond W a rra n t T ra d in g ) a re  v e ry  p o o rly  "s o lv e d " because th e re  
is  no real way th a t th e  p rob lem  can be addressed to  make i t  so lvab le  b y  th e  
human "e x p e rt" .  (F o r in s tan ce , in  the  case o f Eurobond W arran t T ra d in g , 
the  sub-dom ains are  so in e x tr ic a b ly  lin k e d  th a t  th e  human prob lem  s o lv e r 's  
s tra te g y  o f se ria l sub -dom a in  search is  s e n s ib ly  con founded .)
So, w ith o u t o v e rs tre s s in g  th e  p o in t, i t  cou ld  be use fu l fo r  the  KADS u se r 
to be a t leas t aware th a t  he o r  she may e n c o u n te r know ledge in  th e  human 
problem  s o lv e r w h ich s p e c if ic a lly  re fle c ts  th e  c o g n it iv e  lim ita tio n s  o f th e  
human. Since com ponents o f such know ledge seems to  be re p lica te d  in  q u ite  
a small sample o f p rob lem  so lve rs , i t  cou ld  be use fu l fo r  KADS w o rk e rs  to  
be "w a rn e d " as to  the  s o r t  o f know ledge th e y  m ig h t f in d  and th e  ways in  
w h ich  th e y  m igh t recogn ise  i t s  presence. Perhaps recom m endations cou ld  
be made fo r  in te rp re ta t io n  models on w h ich to  " ra t io n a lly  re c o n s tru c t"  the  
know ledge acq u ire d  from  a non -op tim a l human prob lem  so lve r. (A lth o u g h  an 
in te rp re ta t io n  model was n o t used, th is  was e x a c tly  w hat happened in  
M u ltin a tio n a l Tax P lann ing  w here  th e  " ra t io n a lly  re c o n s tru c te d "  system  as 
im plem ented d id  no t c o n s tra in  th e  problem  to, say. South Am erica b u t  cou ld  
take  due co n s ide ra tion  o f  a ll th e  companies in  th e  w o rld -w id e  g ro u p . T h is
■\
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lead to  more com prehens ive  so lu tions  w ith o u t the  need to  feedback  th e
.  I
co ns tra in ed  re s u lt  fo r  g loba l ch e ck in g .)
Thus p r io r  aw areness o f p rob lem  s o lv in g  components o f th e  ty p e  h ig h lig h te d  
in  C hap te r 5 cou ld  lessen th e  p o ten tia l confus ion  o f th e  KADS u s e r  and  
m ig h t lead more d ire c t ly  to  the  se lection o f b e t te r  problem  s o lv in g  
in te rp re ta t io n  models. F in a lly , in  those cases where th e  "e x p e r t"  is  a c tu a lly  
no t a v e ry  good prob lem  s o lve r, i t  m igh t be possib le  to  recogn ise  th is  a t an 
e a r ly  s ta te  and, ta k in g  w h a te ve r know ledge the  "e x p e r t"  has, in c o rp o ra te  
th is  in  a know ledge-based system  hav ing  none o f the  in h e re n t  lim ita tio n s  o f 
the  human prob lem  s o lve r. Thus, fo r  instance , in  Perm anent Health 
In su ra n ce , i t  was e v id e n t th a t  the  human e x p e rt ju s t  cou ld  no t cope w ith  
a ll th e  pe rm u ta tions  o f Age, Health, Job, Le isu re  e tc and, even i f  he cou ld , 
he w ou ld  have been unab le  to  remember all the  in d iv id u a l cases and 
com binations. Such lim ita tio n  would no t a p p ly  to  a know ledge-based  system  
to  s u p p o r t  Perm anent Health In su ra n ce  and the  KADS user, i f  he w e re  to  
recogn ise  a PHI o r  s im ila r s itu a tio n  in  advance, m ig h t be fa ir ly  c o n fid e n t 
th a t  he cou ld  d e liv e r  a know ledge-based system  th a t w ou ld  o u tp e rfo rm  th e  
human expe rt.
F in a lly , i t  is  necessary to  comment on the  up take  o f KADS in  th e  e x p e rt 
system s com m unity. KADS appears as a v e ry  use fu l and w id e ly  a p p lic a b le  
m ethodology th a t  has b e n e fitte d  from  the  v e ry  adequate  fu n d in g  o f a 
ta le n te d  team o f re se a rch e rs  and d e v e lo p e rs . So w hy has the  a u th o r  and, 
w ith  v e ry  few  excep tions, most o f h is  commercial e x p e rt system s co lleagues 
and com pe tito rs  chosen no t to  use KADS fo r  th e ir  e v e ry d a y  w o rk?  And w h y  
is  i t  th a t  to o lk its  lik e  S he lley  and KEATS are no t in  w idesp read  use b y  
commercial know ledge eng ineers?
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The answ er is  c e r ta in ly  n o t th a t th e re  is  w idesp read  c r it ic is m  o f KADS. Few 
e x p e rt system s p ra c t it io n e rs  have used o r  s tu d ie d  KADS and re je c te d  in  on 
g ro u n d s  o f p r in c ip le . In  fa c t, few  e xp e rt system s p ra c t it io n e rs  have s tu d ie d  
KADS a t a ll. And o f those  th a t have made th e  a tte m p t, even fe w e r 
( in c lu d in g  th e  a u th o r)  a re  fu l ly  co n fid e n t th a t  th e y  u n d e rs ta n d  i t  in  d e ta il. 
U n til re c e n tly , th e  KADS e n th u s ia s t has had to  u n d e rta k e  e ith e r  a t ra in in g  
course  o r  d ise n ta n g le  a mass o f research f in d in g s  o r  ESPRIT re p o r ts . I t  is  
n o t s tra ig h t fo rw a rd  to  ad o p t KADS, even i f  th e re  is  w ill in g n e s s  on the  p a r t  
o f th e  know ledge eng ine e r.
And; to  be f ra n k ,  most know ledge eng ineers  seem u n w illin g . Many e x p e rt 
system s, a lth o u g h  la rg e , a re  q u ite  s t ra ig h t fo rw a rd  to  im p lem ent and 
know ledge en g in e e rs  do no t seem to  need th e  e labo ra te  KADS m ethodology 
to  do th e ir  jo b . Even some experienced KADS p ra c t it io n e rs  w ill adm it th a t  
th e y  use l i t t le  more than  th e  Model o f E xp e rtise  and th a t  f in d in g -a  re a d y ­
made a p p ro p ria te  in te rp re ta t io n  model is  a m in o r ity  o ccu rre n ce .
So KADS and th e  to o lk its  w h ich  s u p p o rt i t  a re  v e ry  much u n d e r-u s e d  in  
re sp e c t o f th e  enorm ous in te lle c tu a l in ve s tm e n t made in  them . Th is  is  a 
v e ry  u n fo r tu n a te  s itu a tio n  because KADS is  w e ll- fo u n d e d  and cou ld  s a t is fy  
th e  demands fo r  the  ana lys is , design and im p lem enta tion  r ig o u r  th a t  is  
p o s s ib ly  p re v e n tin g  th e  u p ta ke  o f know ledge-based system s in  the  more 
conve n tiona l so ftw a re  e n g in e e rin g  com m unity.
I t  is  no t the  a u th o r 's  p u rp o se  to  d iscove r th e  means b y  w h ich  KADS (and  
S he lley  and KEATS) m ig h t f in d  w id e r usage. However, he w ill make a fe w  
fu r th e r  sugg es tions  in  a d d itio n  to  the  ideas expressed above w here he 
su g g e s ts  th a t KADS o u g h t a t leas t to  be aware o f some o f  th e  more common 
p e c u lia r it ie s  o f  th e  human prob lem  so lve r.
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F irs t, KADS m ust be made more unde rs tandab le  and p e n e tra b le  b y  th e  
know ledge e n g in e e r. O the rw ise , he w ill not use i t  and w ill c a r ry  on cop ing  
ju s t  lik e  the  e x p e rts  th a t  he s tud ies . From the  a u th o rs  commercial 
experience he is  aware th a t  to d a y 's  know ledge eng ine e rs  a re  a v e ry  much 
more able and q u a lif ie d  than  the  ru n -o f- th e -m ill so ftw a re  e n g ine e rs  who 
c u r re n t ly  im p lem ent conve n tiona l so ftw a re  system s. I f  KADS is  p ro v in g  
d i f f ic u l t  fo r  th e  ded ica ted  e x p e rt system s p ra c t it io n e rs , i t  w ill p ro v e  
im possib le  fo r  th e  system s a n a ly s t o r  program m er who has to  be re -a ss ig n e d  
to  e x p e rt system s w o rk . And, un less KADS o r som ething s im ila r can be used 
on the  sh o p flo o r th e re  w ill be no w idespread fu tu re  fo r  know ledge-based  
systems,
Even i f  m ainstream  deve lop e rs  were able to  re s o r t to, say, s t ra ig h t fo rw a rd  
e x p e rt system s p ro to ty p in g  o r  increm en ta l deve lopm ent ( l ik e  many c u r re n t  
know ledge e n g in e e rs ) IT  management a re  now so conv inced  o f th e  o v e r r id in g  
need fo r  so ftw a re  deve lopm ent m ethodologies and too ls th a t  these  p ra c tice s  
w ould be ou tlaw ed . So, i f  KADS is  too d i f f ic u l t  to  use, th e n  know ledge - 
e n g in e e rin g  w ill n o t e n te r  th e  mainstream . (There  a re  a c tu a lly  f u r th e r  
problem s such as th e  re c o n c ilia tio n  o f KADS w ith  o b je c t-o r ie n te d  des ign  and 
these issues a re  b r ie f ly  d iscussed in  the  next section .)
Perhaps a m ini-KADS is  needed to  enable sim ple tasks  to  be in v e s tig a te d  and 
im plem ented w ith  a minimum o f know ledge o f the  fu l l  KADS m ethodology. Or, 
perhaps, KADS s h o u ld  be o ffe re d  in  ta s k -s p e c if ic , ve rs ion s . D iagnostic-KADS, 
P lanning-KADS e tc . These m ig h t o f fe r  an easier e n try  fo r  th e  know ledge o r  
so ftw a re  e n g in e e r w ith  a re q u ire m e n t to  se rv ice  a s p e c if ic  commercial 
problem  s o lv in g  domain. And, o f fe r  a rou te  fo r  C h and raseka ran 's  (1987) 
G eneric Task app roach  to  f in d  a p ro p e r  and com plem entary ro le  to  th e  ideas 
o f W ielinga and B re u k e r (1986) upon w h ich KADS is  based.
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T he re  may be a case fo r  s u p p o rtin g  the  nov ice  KADS p ra c t it io n e r  w ith  a 
know ledge-based system  d e riv e d  from  the  e x p e rtis e  from  an experienced  
KADS p ra c t it io n e r . We remember the  te ll in g  quo ta tio n  from  W ielinga, 
S c h re ib e r & B re u ke r (1992) th a t know ledge e n g in e e rs  have to  cope w ith  a 
com plex know ledge e n g in e e rin g  process and th a t  th e  a v a ila b il ity  o f m u ltip le  
models in  KADS is  an asset in  th is  respec t. Perhaps a fu r t h e r  asset 
ded ica ted  to  th e  same end w ould  be an in b u i l t  know ledge based system .
In  sum m ary, a ltho ugh  th e  a u th o r  d id  no t use KADS in  s u p p o r t  o f th is  
research , i t  may y e t rem ain one o f th e  few  ro u te s  to  re g u la r is e  th e  b u ild in g  
o f fu l l  o r  p a r t ia l know ledge-based  system s in  th e  conven tiona l so ftw a re  
e n g in e e rin g  com m unity. T he re  may be some u t i l i t y  fo r  the  KADS u se r to  be 
able to  recogn ise  some o f th e  problem  s o lv in g  com ponents sum m arised in  
C h ap te r 5. However, any  ph ilo soph ica l o b je c tio n s  to  KADS d isa p p e a r in  the  
a u th o r 's  main concern  th a t, fo r  th e  deve lop e r o f  average  a b il i ty ,  i t  is  ju s t  
too  d i f f ic u l t  to  use and u n d e rs ta n d .
7.4 KNOWLEDGE AS A COMPONENT OF CONVENTIONAL SYSTEMS' -  A NEW 
KADS ROLE?
"C o n ve n tio n a l" and "K now ledge -B ased" A n a lvs is  and Design
The fo llo w in g  is  a s im p lis tic , b u t use fu l, com parison o f conve n tiona l and 
know ledge-based  system s ana lys is  and des ign  m ethods.
C onventiona l ana lys is  and des ign  m ethods in c re a s in g ly  look a t th e  bus iness 
model and s tra te g y  and so de te rm ine  w ha t com pu te r fu n c t io n a lity  is  needed
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to  s u p p o r t  th e  bus iness  processes. Once th e  fu n c tio n a l re q u ire m e n t is  
es tab lished  then  a h a rd w a re  and so ftw a re  a rc h ite c tu re  is  fo rm u la te d  th a t  
w ill s a t is fy  th a t  re q u ire m e n t.
Know ledge-based an a lys is  and design methods, such as KADS, lo ok  a t 
e x is tin g  e xpe rts , th e ir  env iro nm en ts  and in te ra c tio n s  and a tte m p t to  model 
these. Once a model is  estab lished  then a h a rd w a re  and so ftw a re  
a rc h ite c tu re  is  fo rm u la te d  th a t  w ill s a t is fy  th e  model.
A Combined A pproach
So, in  o u tlin e  te rm s, th e  conven tiona l approach is  fed  from  a bus iness  
re q u ire m e n t and th e  KBS approach is  based on th e  a v a ila b il ity  and 
e xp lo ita tio n  o f e x is tin g  pocke ts  o f human know ledge. These app roaches a re  
d if fe re n t  b u t  no t incom patib le . In  fa c t, a t a f a ir ly  s im p lis t ic  le v e l, th e y  
com bine v e ry  well.
A com bined conve n tiona l/K B S  approach would commence w ith  th e  bus iness  
model and it s  re q u ire m e n t fo r  com puter fu n c t io n a lity  to  s u p p o r t  i t .  In  
p a ra lle l the  e x is tin g  know ledge in  the  business (ie  human e x p e rts )  w ou ld  be 
s u rv e y e d  to  de te rm ine  th e  areas w here th e re  w ere k n o w le d g e -r ic h  re so u rce s  
ava ilab le .
Where the  pe rce ive d  know ledge would s a tis fy  p a r t  o f th e  re q u ire d  b u s in e s s - 
d r iv e n  fu n c t io n a lity  th e n  such know ledge would be used to  s u p p o r t  such 
fu n c t io n a lity .  Where know ledge was ava ilab le  th a t  w ou ld  s a t is fy  
fu n c t io n a lity  o v e r and above the  b u s in e s s -d r iv e n  re q u ire m e n t th e n  
co n s id e ra tio n  w ou ld  be made to increase  such fu n c t io n a lity  i f  i t  f u r th e r
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s a tis fie d  th e  needs o f th e  business.
In  essence th e  com bined approach w ould  be based on a conve n tiona l an a lys is  
and des ign  method b u t w ith  an "o p p o r tu n is t ic "  elem ent w h ich  w ould  revea l, 
analyze, tra n s fo rm  and in c o rp o ra te  ava ila b le  know ledge a lre a d y  em ployed in  
th e  business.
A Changed and Reduced Role fo r  KADS
Such a com bined approach w ould  re q u ire  some m od ifica tion  i f  KADS w ere  to  
be used. In  a normal K A D S -supported KBS p ro je c t an in te rp re ta t io n  model 
is  id e n t if ie d  and the  ava ila b le  know ledge is  used to  pop u la te  th is  model. 
U sua lly  the  model d r iv e s  a to p -dow n  search  fo r  know ledge to  be a cq u ire d  
from  the  e x p e rt(s ) . In  a b u s in e s s -d r iv e n  com bined approach  a model o f 
re q u ire d  fu n c t io n a lity  w ou ld  be id e n t if ie d  and th is  w ou ld  d r iv e  a to p -d o w n  
search fo r  ava ila b le  know ledge to  be used to  popu la te  th e  model. In  such  
cases know ledge becomes a fo r tu ito u s ly  ava ilab le  resou rce  to  answ er some 
o f th e  needs o f th e  b u s in e s s -d r iv e n  des ign .
I f  such a com bined approach were to  be fo rm a lised  and taken  beyond th e  
v e ry  s im ple o u tlin e  above then  th e  ro le  o f KADS w ou ld  re q u ire  to  be 
changed. Whereas the  fu l l  KADS m ethodology would be used fo r  "p u re "  KBS 
ap p lica tions , i t  is  p robab le  th a t  lit t le ,  m ore than  the Model o f E xpe rtise  w ou ld  
be re q u ire d  fo r  the  com bined approach. For ins tance , th e  ro les  s a tis fie d  b y  
th e  O rgan iza tiona l Model and th e  Model o f  Cooperation w ou ld  no t be re q u ire d  
because, fo r  ins tance . C ontext D iagrams, User Catalogues and Log ica l 
Dataflow Models would s a t is fy  a ll o r  p a r t  o f these ro les . ( I t  is  to  be 
remembered th a t  i t  is  re a lly  o n ly  th e  Model o f E xp e rtise  th a t  u n iq u e ly
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d is tin g u is h e s  KADS from  o th e r  m ethods. Most o f the  o th e r  KADS models 
have some s o r t  o f e q u iv a le n t in  conven tiona l methods and, in  a com bined 
approach, such KADS models w ou ld  be supp lan ted  by  th e ir  e q u iv a le n ts  from  
the  dom inant conve n tiona l m ethod.)
An Q p p o rtu n itv  to  Recover Lost T e r r i to r y
However, a lth o u g h  KADS w ou ld  o n ly  be p a r t ia l ly  used, th e  com bined 
approach cou ld  ra d ic a lly  open up th e  o p p o rtu n it ie s  fo r  e x p lo it in g  know ledge 
resources. The a u th o r agrees w ith  P o rte r (1993) in  th a t  m any o f the  most 
successfu l KBSs a re  those  th a t  a re  in te g ra te d  w ith  co n ve n tio n a l system s 
ra th e r  than  be ing  s ta n d -a lo n e  KBSs. However, and c u r re n t ly ,  th e  
in te g ra tio n  o f a KBS w ith  a conve n tiona l system  is  aw kw ard  a t bes t and 
re s u lts  in  a he te rogenous system , o fte n  w ith  a d isc re te  KBS "m odu le " be ing  
embedded in  and ca llab le  b y  a m a jo r conven tiona l a p p lica tio n . In  the  main, 
th is  does no t a t t ra c t  use rs  to  KADS. In  the  main such co n ve n tio n a l users 
w ould p re fe r  and, because o f th e ir  experience, f in d  i t  e as ie r to  im plem ent 
"kn o w le d g e " in  co n ve n tiona l languages.
(The a u th o r does no t w a n t to  e n te r  a debate abou t w ha t is  know ledge o r  a 
know ledge-based system . However, w here e x p e rt system s o r  KBS is  no t 
used, then  s u b s ta n tia l e lem ents o f w ha t know ledge eng ine e rs  ca ll know ledge 
ge t in c o rp o ra te d , pe rhaps  no t v e ry  w e ll, in  conven tiona l system s. The te rm  
"KBS" is  a lw ays taken  to  re fe r  to  system s in c o rp o ra tin g  know ledge  encoded 
in  "A I"  o r  "e x p e r t  sys tem s" languages. However, a cq u ire d  know ledge can 
o fte n , and o fte n  more e f f ic ie n t ly ,  be encoded in  conven tiona l languages. A 
m ajor UK bank  has re c e n tly  encoded a "kn o w le d g e -b a se d " ( ie  based on 
a cq u ire d  human know ledge) f ra u d  de tec tion  system  in  th e  conve n tiona l
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language PL/1. Is  i t  a "know ledge -based  sys tem "?  The a u th o r 's  op in ion  is  
th a t conven tiona l bus iness  so ftw a re  has lo n g  in c o rp o ra te d  know ledge to  
g re a te r  o r  le sse r degrees. "KBS" o r  "e x p e r t  sys tem s" are  system s w here  
th is  is  done " p ro p e r ly "  us ing  the  m ethods and too ls  o f the  e x p e rt system s 
com m unity.
The C loser In te g ra tio n  o f Knowledge in  "C o n v e n tio n a l"  S o ftw a re
W ith th e  a v a ila b il ity  to  s u rv e y  and ass im ila te  know ledge in to  an a l l-  
em brac ing  conven tiona l des ign  we see th e  rea l p o s s ib ility  o f th e  w id e r and 
more use fu l e xp lo ita tio n  o f know ledge in  sys tem s design  and im p lem enta tion . 
Such system s m igh t n o t be e n t ire ly  hom ogenous in  th e ir  im p lem enta tion  in  
th a t, a ru le  language m ig h t be used to  re p re s e n t the  know ledge^ and, fo r  
in s tance , an o b je c t-o r ie n te d  language w ould  encode th e  "c o n v e n tio n a l"  p a r ts  
o f th e  system . However, s ince  know ledge w ou ld  be in c o rp o ra te d  a t th e  
" fra g m e n t"  ra th e r  then  th e  "m odu le" le ve l, th e  o ve ra ll in te g ra tio n  o f th e  
know ledge would be much t ig h te r  than  in  those  c u r re n t  system s w here  a 
"b o lt-o n "  KBS module is  em ployed.
Perhaps even more im p o rta n t, a ltho ugh  know ledge  would be a cq u ire d  us ing  
e x p e rt system s (p ro b a b ly  KADS) know ledge a c q u is itio n  methods, th e  b u lk  o f 
th e  system s design and im p lem entation w o u ld  be done us ing  m ethods and 
too ls  (s u ita b ly  enhanced w here  n e c e s s a ry ) th a t  w ere  fa m ilia r  to th e  
conven tiona l so ftw a re  com m unity. A g ra d u a l t ra n s fe r  to  system s e x p lic it ly  
in c o rp o ra tin g  know ledge cou ld  o ccu r ra th e r  th a n  th e  c u r re n t  s itu a tio n  w here  
t ra n s fe r  to  KBS te ch n o lo g y  is  c u ltu ra l ly  d i f f ic u l t  fo r  th e  e s tab lishe d  
so ftw a re  deve lopm ent com m unity and, in  th e  main, is  ig n o re d  o r  does n o t 
occu r.
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As re p o rte d  in  C hapte r 2, th e  KADS com m unity a re  m aking KADS more
ro b u s t, v ia  CommonKADS (de Hoog, M a rtil,  Wielinga, T a y lo r, B r ig h t  & van de
Wei de, 1992) so th a t  i t  is  more accep tab le  to those used to  th e  r ig o u r  o f 
conven tiona l methods. However, KADS and CommonKADS remain p r im a r ily  
ta rg e te d  a t KBS deve lopm ents. T h is  section proposes m ethods and too ls, 
based on conven tiona l m ethods and too ls b u t w ith  a d d itio n a l coverage, 
pe rhaps KA D S -provided, to  co ve r th e  needs o f deve lop e rs  w is h in g  to
u n d e rta ke  deve lopm ents w he re  know ledge is  in te g ra te d  a t a lo w -le v e l
com ponent le ve l ra th e r  than  a module leve l. The re c e n t pape r b y  Saward, 
Land & Bingham (1993) p ro v id e s  a good s ta r t in g  p o in t fo r  th is  p rocess 
w here i t  con s id e rs  the  re q u ire m e n ts  fo r  a genuine in te g ra tio n  o f KADS w ith  
conven tiona l so ftw a re  e n g in e e rin g  methods.
7.5 KNOWLEDGE AS A REUSABLE DESIGNER COMPONENT
This  s h o r t  section  is  la rg e ly  a r id e r  to the  p re v io u s  section  w here  
know ledge is  v iew ed in  i t s  ro le  as a component o f co nve n tiona l system s. 
"C onven tiona l sys tem s" is , pe rhaps, a poor term  • s ince  th e  w o rld  o f 
conven tiona l so ftw a re  is  i t s e l f  cha n g in g . The tre n d  to w a rd  o b je c t-o r ie n te d  
system s is  le a d in g  v e ry  much tow a rd  the  encapsu la tion  o f  use fu l 
fu n c t io n a lity  and its  reuse in  a m yriad  o f d if fe re n t a p p lica tio n s .
P erh ap s  th is  t re n d  sho u ld  p u t th e  genu ine  advocate o f know ledge-based  
system s to  shame. Because, in  i t s  o r ig in s  as human know ledge, a p r im a ry  
c h a ra c te r is t ic  o f know ledge is  i t s  capac ity  fo r  reuse. Remembering the  
domain o f Bench to p  E le c tro n ic  D iagnosis, is  i t  not the  same know ledge  abou t 
c ir c u it  b e h a v io u r th a t can allow  an in d iv id u a l to, on sepa ra te  occasions 
des ign , tro u b le s h o o t and ex tend  th e  fu n c t io n a lity  o f a s p e c if ic  c irc u it?
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Knowledge o f th e  c h a ra c te r is t ic s  o f a p a r t ic u la r  ch ip  are  reused when 
de c id in g  to em ploy th a t ch ip  in  th e  c ir c u i t  o r  to  h ypo the s ise  w h e th e r i t  is  
th e  cause o f a p a r t ic u la r  fa u lt .
I t  was the  e a r ly  dream o f the  advocates o f p ro d u c tio n  system s th a t  
know ledge, in  the  fo rm  o f fo rw a rd -c h a in in g  ru les , w ou ld  be flo a tin g  ready  
in  the  system  ready to  p ro g re s s  any  nove l s itu a tio n  th ro u g h  to  an u n ique  
conclus ion . However, th e  re a lity  is  th a t  e x p e rt system s and KBS deve lop e rs  
have fo rm u la te d  th e ir  system s to  re lia b ly  deal w ith  q u ite  t ig h t ly  co n s tra in e d  
typ e s  o f problem s. In  p a r t ic u la r ,  most e x p e rt system s re p lic a te  ju s t  a 
s in g le  ty p e  o f ta sk  u n d e rta ke n  b y  an e x p e rt. System s w h ich  can u n d e rta ke , 
say, design, d iagnosis  and a p p lica tio n s  adv ice  based on a common 
know ledgebase do no t seem to  ex is t. Y e t a m a jo r pe rcen tage  o f th e  
necessary know ledge is  common to  bo th  re q u ire m e n ts . ( In  the  same way 
L ife  U n d e rw r it in g  and Perm anent Health In s u ra n c e  re ly  on much common*- 
know ledge, say, fo r  in te rp re t in g  th e  e ffe c t o f sm oking  on an e x is tin g  
pu lm onary  hea lth  co n d itio n . S ince an expe rienced  human u n d e rw r ite r  can  ^
add ress  both ta sks  us ing  elem ents from  th e  same body  o f know ledge then  
i t  is  re g re tta b le  th a t th is  canno t be done, and is  no t even cons ide red , fo r^  
e x p e rt system s to  s u p p o rt th e  ta sks .)
Given th is  b a ckg ro u n d  o f poor reuse  o f know ledge, th e  in te g ra tio n  o f 
know ledge in to  conven tiona l system s re -o p e n s  th e  o p p o r tu n ity  to  use 
know ledge a c q u ire d , say , b y  use of. KADS as resou rce  fo r  in c o rp o ra tio n  in  
a num ber o f re la ted  a p p lica tions . Such a p p lic a tio n s  w ou ld  n o t be e x c lu s iv e ly  
based on the  p a r t ic u la r  ta sks  u n d e rta ke n  b y  the  e x p e rt(s )  from  whom th e  
know ledge was acqu ired . However, b y  id e n t ify in g  reusab le  (and re lia b le ) 
packe ts  o f know ledge (p e rh a p s  encapsu la ted  in to  o r  u n iq u e ly  accessed b y  
ded ica ted  o b je c ts ) th e  system s d e s ig n e r cou ld  use these  as and when
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re q u ire d  fo r  c u r re n t  and fu tu re  system s. (The w ord  "p a c k e ts "  rem ains 
d e lib e ra te ly  und e fined  b u t  p ro b a b ly  w ou ld  co rrespond  to  th e  "s u b - ta s k "  
le ve l in  KADS. What is  be ing  proposed is  e sse n tia lly  a l ib r a r y  o f reusab le  
s u b -ta s k  know ledge-based o b je c ts .)
Perhaps by  ta k in g  the  veh ic le  o f reuse, th is  section has a n tic ip a te d  th e  ro le  
o f acqu ired  know ledge chan g in g  from  a resou rce  not so le ly  ded ica ted  to  th e  
co n s tru c tio n  o f system s w ith  s im ila r o v e ra ll fu n c t io n a lity  to  those o f th e  
human exp e rts  from  whom the  know ledge was a cq u ire d . Packets o f 
know ledge, once a cqu ired  and, v e ry  p ro b a b ly , tes ted  fo r  q u a lity  and 
re lia b il ity ,  cou ld  be used o v e r and o v e r again as p a r t  o f the  resou rce  fo r  
the  system  des igne r.
7.6 SYSTEMS BEYOND THE LIMITATIONS OF HUMAN PROBLEM SOLVERS
In  C hapte r 3 we re p o rte d  on in v e s tig a t io n s  o f a la rg e  se ries  o f problem  
so lv in g  tasks. As a consequence o f those  in v e s tig a tio n s  we no ticed  a se ries  
o f "p rob lem  so lv in g  com ponents" w h ich  seemed to  be re la te d  to  th e  ways in  
w h ich  e xp e rts  cope w ith  complex o r  la rg e  problem s. We s e p a ra te ly  d iscussed  
such com ponents in  C hapte r 5.
One outcome o f these co n s id e ra tio n s  was th a t, a lth o u g h  human e xp e rts  
manage to  c irc u m v e n t some o f the  lim ita tio n s  o f th e ir  own c o g n it iv e  a b ilit ie s , 
th e re  are  c e rta in  tasks  w h ich  are  so p a r t ic u la r ly  complex o r  la rg e  th a t such 
cop ing  s tra te g ie s  are inadequate . T y p ic a lly , a lthough  a ta s k  cou ld  be 
d iv id e d  up in to  m u ltip le  sub-dom ains, th e  lin k in g  between th e  searches o f 
such sub-dom ains was so heavy as to  e ffe c tiv e ly  f r u s t r a te  the  cop ing  
s tra te g ie s  th a t  w ere used.
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As a re s u lt,  in  such ta sks  as Perm anent Health In su ra n ce , Job Shop 
S ch edu ling  and Eurobond W arran t T ra d in g , th e  "e x p e r t"  does no t re a lly  
p ro d u ce  optimum o r re p ro d u c ib le  so lu tio n s  to  th e  prob lem s w ith  w h ich he 
is  p resen ted . Indeed , th e  term  "e x p e rt"  may be som eth ing o f a co u rte sy  
t i t le .  C e rta in ly  th e  ta s k  ho lde rs  have know ledge a b o u t th e ir  domain and can 
make reasonable in fe re n ce s  conce rn ing  e lem ents o f th e  problem s w h ich th e y  
face. However, th e y  a re  o ften  unable to  a d e q u a te ly  cope w ith  th e  whole 
p rob lem  and th is  seems to  d is b a r them from  th e  t i t le  "e x p e rt" .
Now, o f course, th e re  a re  o th e r  reasons w h y  we cou ld  n o t be c o n fid e n t 
a b o u t s u p p o rtin g  tasks  lik e  Eurobond W a rra n t T ra d in g . However, th e re  are  
o th e r  ta sks  w h ich do no t have these d is b a r r in g  reasons (uns tab le  
know ledge, need to  encode ve rb a l and v isu a l da ta  e tc ) w h ich cou ld  well be 
th e  s u b je c t o f p ro d u c tiv e  know ledge-based system s. In  C hap te r 6 i t  is  
sugg es te d  th a t, fo r  in s tance . Perm anent Health In s u ra n c e  cou ld  be su p p o rte d  
b y  KBS techno logy . However, i t  would re q u ire  sp o n so r and e x p e rt to face 
th e  fa c ts  o f the  e x is tin g  s itu a tio n  and c o n tr ib u te  to  a process w here the  
c o rp o ra te  p r in c ip le s  o f u n d e rw r it in g  such in s u ra n c e  w ere p ro p e rly  
cons ide red  so th a t th e y  cou ld  be in c o rp o ra te d  in to  th e  design o f 
com prehens ive  know ledge-based system.
Such a system , once c o n s tru c te d  on the  bas is  o f e x p lic it  p r in c ip le s , would 
p e rfo rm  s ig n if ic a n tly  b e t te r  and more re lia b ly  th a n  th e  human e x p e rt and 
w ould  become an im p o rta n t asset to the com pany.
In  e f fe c t o u r a rgum en t is  th a t e x is tin g  e x p e rt  system s show no real 
advan tage  o ve r human expe rts . in  many cases, as d iscussed  at the
b e g in n in g  o f th is  ch a p te r, e x p e rt system s ca n n o t p e rfo rm  a ll th e  e x p e rt 
fu n c t io n s , o r  are c o s tly  to  im plem ent, and th e re fo re  sponsors  w ill con tinue
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to  employ human p ra c t it io n e rs  as th e  most c o s t-e ffe c t iv e  op tion .
However, i f  e x p e rt system s (o r  more p ro p e r ly  KBSs) can be c o n s tru c te d  to  
p e rfo rm  well in  those areas w here  human e xp e rts  a re  a t the  edge o f th e ir  
pow ers, then  th e ir  m a rk e ta b ility  w ill be g re a tly  in c reased . For in s tan ce , 
a ltho ugh  "h e a vy  re fe ren ce  l in k in g "  may be a bad s ig n  fo r  th e  human 
problem  so lve r, the  com pute r is  immune to  such prob lem s and, p ro v id e d  
th e re  are  no o th e r problem s, an e f fe c tiv e  system  can be co n s tru c te d .
So, in  summary, a key tra d it io n a l ru le  fo r  th e  in te n d in g  e x p e rt system s 
b u ild e r  was to  base h is system  on a cq u ira b le  know ledge from  a com petent 
exp e rt. T he re fo re  i t  may seem p e rv e rs e  to  su g g e s t th a t  a good ro u te  to  
commercial KBS success m ig h t be to  base system s on sem i-acqu ired , sem i- 
"d e s ig n e d " know ledge from  an "e x p e r t"  p ro d u c in g  non-optim um  so lu tio n s . 
However, p ro v id in g  the  reasons fo r  th e  n o n -o p tim a lity  a re  unde rs tood  (and 
here th e  co ns ide ra tion s  o f C hapte r 3 and 5 m ig h t he lp ) and th e y  are  
addressab le  by  the  techno logy , then  th e re  is  a good chance o f p ro d u c in g  
a com m ercia lly a t tra c t iv e  and success fu l system.
7.7 SYSTEMS TO ADDRESS UNSATISFIED BUSINESS NEEDS
The la s t section has suggested  th a t KBSs may be able to  p e n e tra te  areas 
where, a ltho ugh  th e re  are  a lleged e xp e rts , such e x p e rts  g e n e ra lly  do no t 
p e rfo rm  well.
Th is  section , in  co n tra s t, i l lu s tra te s  such needs us ing  a s in g le  example in  
th e  fo rm  o f a v e ry  b r ie f  rem inde r o f th e  p o s s ib ilit ie s  fo r  com m unica tive
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know ledge-based  system s d iscussed in  C h a p te r 6. Such system s do no t 
p re te n d  to  re p lic a te  an e x is tin g  problem  s o lv e r, e ith e r  good o r  poor, b u t  
s u g g e s t th a t e x is tin g  human know ledge may be com bined and supp lem ented 
to  p roduce  a novel com m unicative system . Of cou rse  th is  is  ju s t  th e  issue  
d iscussed  above un d e r "Know ledge as a Reusable D esigner Com ponent". 
However, in  th is  case we are ado p ting  th e  sound co nve n tiona l s tra te g y  o f 
p o in t in g  to  id e n tif ia b le  business needs (eg e x p e rts  who do n o t ta lk  to  each 
o th e r, id e n t ify in g  and us ing  e x is tin g  va lu a b le  know ledge is  in  th e  
o rg a n is a tio n ) and p ropos ing  th a t these may be u s e fu lly  and re lia b ly  s a tis fie d  
b y  KBSs. Again, a com m ercia lly va luab le  fu n c t io n a li ty  o v e r and above th a t  
o f any e x is tin g  human problem  s o lv e r w ou ld  provide th e  deve lo p e r no t o n ly  
w ith  a ju s t if ic a t io n  fo r  h is w o rk  b u t a lso an o p p o r tu n ity  no t to  be 
co n s tra in e d  b y  the  low er costs o f th e  com peting  human prob lem  so lve r.
A lth o u g h  no t d iscussed e lsewhere in  th is  th e s is , re c e n t commercial 
in v e s tig a t io n s  by  the  a u th o r su gg es t th a t  "c o rp o ra te "  know ledge-based  
system s, a c tin g  as accessible sto rehouses o f bo th  ru n n a b le  know ledgebases 
and b row sab le  tex tu a l know ledge, w ould p ro v id e  a second and p o w e rfu l 
example o f know ledge-based system s a n sw e rin g  th e  u rg e n t and u n sa tis fie d  
bus iness  need to  encode, manage and make ava ila b le  va luab le  know ledge 
d isp e rse d  w ith in  a business o r o th e r o rg a n is a tio n . Again such system s 
w ou ld  p ro v id e  a new and novel resou rce  to  an o rg a n is a tio n  th a t  cou ld  no t 
re a d ily  be p ro v id e d  by  human expe rts .
7.8 SUMMARY -  THE GENERAL PROSPECT FOR EXPERT SYSTEMS
The e x p e rt system s and KBS com m unity e n jo y s  many te c h n ic a lly  able and 
e n th u s ia s tic  p ra c tit io n e rs . The "p ro d u c ts "  a re  genu ine  and o ffe r  rea l
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bus iness  advantages. Yet th e  "sa les f ig u re s "  do no t ju s t i f y  th e  inves tm en t.
The a u th o r 's  b e lie f is  th a t we face a m arke ting  fa ilu re . E x p e rt systems 
have o fte n  been prom oted fo r  ta sks  fo r  w h ich th e y  ca n n o t succeed o r are 
com m ercia lly  uncom petitive . KBS methods and too ls  a re  in c re a s in g ly  
e ffe c tiv e  b u t  do no t in te g ra te  well w ith  conven tiona l m ethods and too ls. Yet 
the  m arke t requ ire m en ts  are  fo r  know ledge to  be used as a com ponent o f 
la rg e r  system s. KBS methods and too ls  can o fte n  p ro v id e  system s o f s im ila r 
competence to  human exp e rts  b u t a re  no t well su ite d  to  o f fe r in g  know ledge 
in  sm a lle r reusab le  packages fo r  use by  des igne rs  o f new app lica tions . 
Many system s have been p roduced  w h ich  mimic e x is tin g  c o s t-c o m p e titiv e  and 
com petent human expe rts . However, un ique  chances to  a d d re ss  la rg e  and 
com plex bus iness problem s w h ich  ro u t in e ly  con found  human e x p e rts  remain 
la rg e ly  unexp lo red . The o p p o rtu n it ie s  fo r  the  techno logy  to  enab le  business 
to  rea lise  and communicate i t s  know ledge-based in v e s tm e n ts  are  h a rd ly  
cons ide red .
F o rtu n a te ly  m a rke ting  problem s, once id e n tif ie d , can be s u b je c t to  q u ite  
ra p id  re s o lu tio n  p ro v id e d  th e  u n d e r ly in g  p ro d u c t te ch n o lo g y  is  sound. The 
a u th o r  is  in c re a s in g ly  o p tim is tic  fo r  th e  fu tu re  o f know ledge -based  system s 
tech n o lo g y  and hopes th a t th e  ana lyses in  th is  c h a p te r w ill c o n tr ib u te  to  
th e  re a lisa tio n  o f i t s  lo ng -aw a ited  prom ise.
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CHAPTER 8 -  SUMMARY AND CONCLUSIONS
A D u a lity  o f O b je c tive s
There  has a lw ays been a d u a lity  in  th e  o b je c t iv e s  o f th is  research . 
A lth o u g h  th e re  a re  w o rth w h ile  s tu d ie s  o f p rob lem  s o lv in g  in , say, the  
m anageria l co n te x t (eg W agner, 1991) o r  fo r  "p ro fe s s io n a ls "  such  as doc to rs  
(eg E ls te in , Schulm an & S pra fka , 1978) o r  la w y e rs  (eg Amsel, Langer & 
L ou tzen h ise r, 1991) th e re  are few s tu d ie s  o f te ch n ic ia n s  o r  "sem i­
p ro fe s s io n a ls " s o lv in g  ro u tin e  occupationa l p rob lem s. S im ila r ly  academic 
s tu d ie s  o f p rob lem  s o lv in g  seem so o ften  to  in v o lv e  ta sks  w h ich  a re  e ith e r  
c o n tr iv e d  o r  in v o lv e  game p lay in g  o r o th e r  w o rld s  w h ich  a re  rem ote from  
th e  w o rld  o f th e  w o rkp lace . Yet, fo r  many w o rk e rs , th e ir  a b i l i t y  to  solve 
specia l s o rts  o f p rob lem s is  the  a t tr ib u te  th a t  dec ides w h e th e r th e y  are  to  
rem ain em ployable and w ha t sa la ry  th e y  may e n jo y  fo r  th e ir  e f fo r ts .
So occupa tiona l prob lem  so lv ing  is  a s e rio u s  a c t iv i ty  and is. a w o rth y  
o b je c t iv e  fo r  c a re fu l academic s tu d y . And, to  be q u ite  c lear, such  s tu d y  
does n o t re q u ire  any  connection o r  o b je c tiv e s  to  re p re s e n t th e  d iscove red  
p rob lem  so lv in g  in  any  fo rm  o f e xp e rt system . In  a research  c o n te x t the  
sole use o f any  com pu te r s im ula tion w ou ld  be to  in v e s tig a te  and te s t 
hypo theses  abo u t th e  c o g n itive  mechanisms u n d e r ly in g  th e  d iscove red  
p rob lem  s o lv in g  perfo rm ance .
However, the  o th e r  p r im a ry  o b je c tiv e  o f th e  research  is  v e r y  much 
conce rned  w ith  com pu te r m odelling o f occupa tiona l prob lem  s o lv in g , no t fo r  
th e  pu rposes  o f c o g n it iv e  s im ula tion, b u t to  enab le  e x p e rt sys tem s to  be 
b u i l t  f o r  commercial usage and p ro f it .  The resea rch  o b je c tiv e s  fo r  th is
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w o rk  w ere also v e ry  c lear. How can know ledge be most e f f ic ie n t ly  acqu ired  
and im plem ented in to  a te c h n ic a lly  and com m ercia lly v ia b le  e x p e rt system? 
And, s ince th is  is  the  a u th o r 's  p ro fess iona l f ie ld , th e re  has been an 
o p p o r tu n ity  to  fo llow  both  o b je c tiv e s  in  p a ra lle l. And, in  do ing  so, ge t 
access to  a range  o f problem  s o lv e rs  well beyond th a t  ava ila b le  to  the  
ave rage  academic researcher.
A Wide Range o f Task In v e s tig a t io n s
Problem  so lv in g  fo r  a w ide range  o f tasks  has been in v e s tig a te d . From, a t 
one extrem e, th e  w o rkshop  te ch n ic ia n  re p a ir in g  e le c tro n ic  equ ipm en t to, a t 
th e  o th e r  extreme, the  w o rld -c la s s  e x p e rt a t o p tim is in g  m u ltin a tio n a l taxa tion . 
But, because th e  research  and in v e s tig a tio n  o p p o rtu n it ie s  w ere  s u b je c t to  
th e  u n c e rta in tie s  o f the  commercial s itu a tio n , e x p e rt tim e was o fte n  lim ite d  
and i t  was no t a lways poss ib le  to  c a r ry  th ro u g h  e ith e r  in v e s tig a t io n s  o r  
im p lem enta tions to  a conc lus ion .
C o n s tra in ts  fo r  th e  A u th o r and th e  E xperts
However, such commercial p re s s u re s  p ro v id e d  the  basis o f many o f the  
resea rch  f in d in g s . How cou ld  occupa tiona l problem  s o lv e rs  be in v e s tig a te d  
u n d e r re a l- l ife  w o rk in g  cond ition s?  How w ould m ethods lik e  KADS have 
helped the  a u th o r i f  he had had th e  courage and tim e to  use them? What 
w ere  th e  c o n s tra in ts  th a t the  prob lem  so lve rs  them selves s u ffe re d ?  The 
answ ers  have ranged from  la ck  o f in fo rm a tio n  in  Benchtop E lec tron ic  
D iagnosis, th ro u g h  to  la ck  o f management a p p re c ia tio n  in  E ng in ee ring  
P re v e n ta tiv e  M aintenance, th ro u g h  to  " im poss ib le " prob lem s in  Eurobond
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But, u n lik e  th e ir  la b o ra to ry  c o u n te rp a rts , occup a tiona l p rob lem  so lve rs  
cann o t fa il to  d e liv e r  so lu tions . In  Perm anent Health In s u ra n c e  th is  meant 
th a t  th e  so lu tio n  was re a lly  ra th e r  u n p rin c ip le d , in  Job Shop S chedu ling  
i t  was ju s t  non-optim um .
The Components o f Cooing
And, in  exam in ing how problem  so lve rs  came to  cope w ith  d i f f ic u l t  problem s 
in  th e  co n te x t o f th e ir  own lim ited  a b ilit ie s , a se t o f "com pon en ts " came to  
be recogn ised , o c c u rr in g  again and again in  d i f fe re n t  ta sks . Most w ere 
based on v a r ia n ts  o f a "d iv id e -a n d -c o n q u e r"  s tra te g y  b u t  w ith  a range o f 
p re -a n d  p o s t-p ro b le m  s o lv in g  v a r ia tio n s  to  c o n s tra in  th e  p rob lem  or?ensure  
th a t  n o th in g  had been missed as a re s u lt  o f  such c o n s tra in t.  • r  .
A M isce llanv o f  Reasons fo r  Success o r  F a ilu re
F u r th e r , th e  ta s k  in v e s tig a tio n s  th re w  up a whole range  o f reasons w hy 
e x p e rt system  m ig h t be feasib le , o r  a success o r  a fa ilu re . And, in  
a n a lyz in g  these  reasons i t  became a p p a re n t w h y  so many e x p e rt system s and 
KBS p ro je c ts  had no t succeeded th ro u g h  to  com mercial success. Some were 
ch as ing  know ledge  th a t  d id  not e x is t o r  was uns tab le . Some w ere 
a d d re ss in g  prob lem s th a t nobody cared abou t. And some in v e s tig a t io n s  were 
c o s tin g  fa r  more money than  could e v e r be recove red  in  th e  "w o rk in g  l i fe "  
o f th e  e x p e rt system .
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F in d in g  B e tte r Problems to  Solve
Even the* incom p le te  in v e s tig a tio n s  w ere usefu l. In  most cases a reason fo r  
the  b re v ity  o f th e  in v e s tig a tio n  was th a t the  sponso r d id  n o t th in k  th a t  
th e re  was a ta s k  to  be addressed b y  th e  techno logy. B u t in deed  th e re  was. 
Severa l ta sks  w ere  d iscovered  w here  an o rg a n isa tio n  was s t ru g g lin g  to  
u n d e rs ta n d  and make ava ilab le  th e  know ledge and in fo rm a tio n  w h ich  i t  
possessed in  i t s  m yriad  o f departm ents . And, in  o th e r cases i t  was obv ious  
th a t problem  s o lve rs  in  separa te  departm ents cou ld  b e s t com municate 
th ro u g h  know ledge-based  system s p ro p e r to  th e ir  m utua l dom ain.
S erious C onclusions
And th e  real conc lus ions to  th is  w o rk  were a t the  end o f C h a p te r 7. And, 
as conc lus ions, th e y  are  v e ry  se rious  indeed. The UK go ve rn m e n t, the  EC 
and in d u s t ry  has in ves te d  he a v ily  in  e x p e rt system s. Academ ics and 
businessm en have u n iq u e ly  w o rked  to g e th e r to  t r y  to  make e x p e rt system s 
a commercial success and an advantageous enab ling  te c h n o lo g y  fo r  business. 
And, a ltho ugh  i t  has no t a ll fa ile d , n e ith e r has i t  ro b u s t ly  succeeded.
Tech nologV v. A ccountancy
Perhaps i t  is  a problem  o f an e n te rp r is e  d r iv e n  from  th e  la b o ra to ry  ra th e r  
than  th e  m a rk e tin g  departm ent. The re  is  no la ck  o f good people o r  
te chno logy  and most o f us know th a t adequate te ch n iq u e s  and to o lk its  have 
been w ith  us fo r  many yea rs  now and th e re  is  re a lly  no b a r r ie r  to  
im p lem enting  an e x p e rt system  w here know ledge is  a va ila b le  and adequate.
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The problem  is  s q u a re ly  in  the  u n d e rs ta n d in g  o f th e  m arke t.
J u s t because som eth ing  is  te ch n ica lly  feas ib le , o r  even " c le v e r "  o r  
" in te re s t in g " ,  th e re  is  no reason w hy th e  h a rd -h e a d e d  businessm an 
(esp e c ia lly  i f  he is  an accou n ta n t) w ill b u y  i t .  Of cou rse  th e  gove rn m en t 
w ill p u t up p u m p -p r im in g  fu n d s  and in d u s try  w ill sometimes pay i t s  share. 
But, un less e x p e rt system s can d e liv e r real c o s t-e ffe c t iv e  b u s iness  b e n e fit  
then  th e y  w ill be p o lite ly  and p ro p e rly  dec lined  b y  in d u s t ry .
So we can succeed w ith  o u r  able techno logy  p ro v id in g  we ta k e  care to  
add ress  i t  o n ly  to  p rob lem s and o p p o rtu n it ie s  w here  i t  has bo th  c le a r 
te ch n ica l and commercial advantage. T h is  w ill c u t  down th e  num ber o f 
ca n d id a te  a p p lica tio n s  in  th e  s h o r t  term . B u t, as th e  a p p lic a tio n s  f i l t e r  
th ro u g h , the  feedback to  th e  m arke t w ill b r in g  fo rw a rd  th e  demand and 
o p p o r tu n ity  th a t has so lo n g  been a n tic ip a te d  fo r  th e  tech n o lo g y .
An In te r im  Report
O ur jo u rn e y  is  com plete and th e re  is  much to  do. T h is  research  has b a re ly  
touched  on the  v a r ie ty  o f occupationa l p rob lem  s o lv in g  th a t  w a rra n ts  
in v e s tig a t io n . W ith a v iew  to  business, we have done l i t t le  more than  h in t  
a t th e  c o rre c t way to  p ro f ita b ly  d e liv e r KBS te ch n o lo g y  to  th e  m arke t. So 
o u r  o r ig in a l o b je c tiv e s  rem ain w ith  us and a re  unchanged.
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APPENDIX A -  TELECOM REPAIR SERVICE: ANALYSIS OF ACQUIRED
KNOWLEDGE
A.1 TELECOM REPAIR SERVICE RAW PROTOCOL TRANSCRIPT
(The e x tra c t below is  taken  from  lin e s  1-110 o f a t ra n s c r ip t  o f 1296 lin e s .)
BARNET REPAIR SERVICE CONTROL -  FIRST SESSION (EXTRACT)
E = Chas C hurch  
S = Jim H arvey
I E  So when th e re 's  no t much in fo rm a tio n  on the  d o cke t you
e ith e r  go back o r  what?
2 S Yes, no rm a lly  you do y o u r  basic te s tin g  and make su re
e v e ry th in g  looks OK, then  y o u 'v e  go t to  r in g  the  
custom er and see i f  you can g e t th e  in fo rm a tio n  you w ant 
from  them. I t  comes again more d i f f ic u l t  because i f  you 
g e t no re p ly  then , from  o u r  p o in t o f v iew  here  you ju s t  
m ark i t  'T e s ting  OK; no re p ly ' and i t ' l l  go down th e  o th e r 
end; a chap down the  o th e r  end w ill t r y  i t  aga in la te r  on 
pe rhaps  severa l tim es d u r in g  th e  day to t r y  and  g e t an 
answ er to  see i f  we can g e t any  more in fo rm a tio n .
3 E T h is  is  one th a t w o rr ie s  me a b it,  w here y o u 'v e  go t a
custom er re p o r t  and i t 's  te s tin g  OK w hat s o r t  o f  fa u lts
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could  s t i l l  e x is t th a t you c a n 't see?
4 S You can g e t a s itu a tio n  w here you p ic k  th e  phone up  w ith o u t
g e tt in g  a c o n d itio n  on th e  phone, we d o n 't  g e t a loop fro m  th e  
tone, you c a n 't  te ll th a t unless th e y  can answ er you o r  t r y  to  
answ er you, o r  unless you know someone's th e re  ...
5 E In  o th e r  w o rds  you can see the  capacito r?
6 S You can see the  capac ito r b u t when th e y  p ic k  i t  up
yo u 'v e  s t i l l  go t the  capac ito r; you see i t  an happen. A 
sim ple answ er is  th e  p lu n g e rs  are  s tu c k  down. So you 
can ge t a s itu a tio n  th e re  w here th e y  say I 'v e  g o t no 
d ia llin g  tone  and i f  th e y 'v e  o n ly  g o t one in s tru m e n t -
i f  you say to  them is  th e re  someone th e re  and th e y
say yes and you r in g  on i t  and you c a n 't  g e t any  answ er 
then  y o u 'v e  go t to  accept th a t th e re  is  som eth ing  o f th a t  
n a tu re  w rong  w ith  th a t end: i t  may n o t be th e  p lu n g e rs  
s tu c k , I  mean i t  cou ld  be som eth ing else.
7 E B u t n o rm a lly  in  those cases w hat w ou ld  you do? I f  you
go t ju s t  an 000 fa u lt  re p o rt.
8 8  I f  we g e t th a t s o r t  o f re p o r t and i t 's  come e sp e c ia lly
from  th e  manual board  o u r in s tru c t io n s  a re  to  r e - te s t  i t  
and i f  a f te r  24 hou rs  we c a n 't g e t an answ er fro m  th e  
custom er we w r ite  i t  o f f  as RWT NRC w h ich  is  no re p ly  
from  custom er.
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9 E But re a lly  th a t excludes a ll those  b its  o f  fa u lts  ...
10 S T h a t's  r ig h t ,  yes. We do g e t a few  b u t  we ru n  a system
w here i f  a custom er comes back w ith in  a coup le  o f days 
and says I'm  s t i l l  hav ing  t ro u b le  and you look  a t the  
ca rd  and you say oh yes, he re p o rte d  i t  and we RWT 
NRC, then i t  w ill go to  th e  f r o n t  o f  th e  p ile  so th a t he 
doe sn 't s u f fe r  too much.
11 E T h a t's  re a lly  the  on ly  th in g  you can do u n d e r those
circum stances a p a rt from  send a chap ou t.
12 S T h a t's  r ig h t .  Well th e y  fo u n d  th a t  we w ere ha v in g  so
many a b o rtiv e  v is its  because th e  num ber th a t  came back 
as aga ins t the  num ber th a t  w ere  w r it te n  o f f  was v e ry  
small.
13 E What s o r t  o f th in g s  can you see a t th e  custom er
app a ra tu s  end w ith o u t th e  cus tom er a c tu a lly  c o -o p e ra tin g  
in  te s tin g ?  Is  th e re  a n y th in g  you can see a t a ll?
14 S The s o r t o f th in g s  we can see, g e n e ra lly , a re  fa u lts  th a t
cou ld  be not ju s t  in  th e  cus tom er's  prem ises 
u n fo r tu n a te ly , i t  could be on th e  lin e  i t s e l f  o u ts id e . You 
can ge t a re c tif ie d  loop o r  ...
15 E Where would a re c tif ie d  loop come from ?
16 S You can ge t them in  the  p rem ises o r  e x te rn a lly , o r  in  odd
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occasions in  th e  exchange -  i t 's  unusua l in  th e  exchange 
b u t you can ge t them  the re .
17 E How w ou ld  you re c t i fy  tha t?
18 S I t 's  u s u a lly  caused th ro u g h  dampness: i f  you check on
he re ,in s tea d  o f g e tt in g  w ith  an o rd in a ry  R re s is ta n ce  loop 
in  th a t  s itu a tio n  w here  y o u 're  feed ing  o u t a b a tte ry  on 
th e  B -w ire  and we’ ve go t an e a rth  on th e  A -w ire  so i f  
th e re 's  any  connection  between the  A and B w e 'll ge t a 
d e fle c tio n . W ith an o rd in a ry  loop co n d itio n  -  I  mean I  
can show you i f  you lik e , th a t 's  p ro b a b ly  th e  easiest 
th in g  to  do. You see in  th a t cond ition  w e 've  go t a 
d e fle c tio n  and we know th a t i t  is  a loop.
19 E So y o u 're  now sa y in g  yo u 've  go t what: s o r t  o f 30K on
th a t, is  th a t  r ig h t?  On the  ohm scale?
20 8 Yes, and i f  I  re v e rs e  the  lin e  so th a t th e  b a t te ry  goes
o u t on th e  A -w ire  and the  e a rth  is  on th e  B th e  needle 
s ta ys  in  the  same place b u t o b v io u s ly  w ith  a re c tif ie d  
loop th a t  w ill e ith e r  d isappea r com ple te ly o r  i t  w ill go a 
lo ng  way back.
21 E So i t 's  no t fu l l  re c tif ie d , i t 's  a change?
22 8 I t 's  a change, yes, b u t i t 's  a term  ... I  mean a lo t  o f
people yea rs  ago when I  f i r s t  came on the  jo b  when I  
was on ex te rna l I  was always ta u g h t in i t ia l ly  th a t  i t  was
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ca lled a low loop; now i f  y o u 'v e  e v e r  heard o f a low  loop, 
i t  was ju s t  a te rm  used, b u t  i f  somebody sa id  to  you i t  
was a low  loop yo u 'd  th in k  ah, yes. I 'v e  go t to  be c a re fu l 
here because when y o u 're  u s in g  a manual te s te r  -  i t 's  all 
r ig h t  s it t in g  here  you ju s t  a u tom a tica lly  f l ic k  th e  keys 
b u t when I  was o u ts id e  we used to  have a D e tector 4 
w h ich you ju s t  had a coup le  o f w ire s  th a t you cou ld  p lay 
a round  w ith . One way you g e t a capac ity  b u t  i f  you 
tu rn  them round  y o u 'll g e t th e  re c t if ie d  loop come up.
23 E The T es te r SA9083 does th a t  -  w e 'll ta lk  ab o u t th a t
sometime.
24 S Because y o u 've  g o t keys on th e re  and you can do i t  b u t
w here yo u 've  go t small te s te rs  ... so i t 's  h e lp fu l to  the  
people ou ts ide  i f  you say to  them  i t 's  a re c t if ie d  loop 
because th e y  know th a t i t 's  no good ju s t  s t ic k in g  a 
m eter on i t  and lo o k in g  a t i t  one way round , y o u 'v e  got 
to  re v e rse  it .
25 E So when i t 's  re c tif ie d  in  th e  n e tw o rk  i t 's  w h a t I  call
ha lf= a n d -h a lf; when i t 's  in  th e  s u b 's  prem ises is  i t  fu l l  
re c tif ie d , I  mean p lo n k  and n o th in g ?
26 8 No, no, i t  va ries . We m ig h t come across some a c tu a lly  i f
we do some. I ' l l  see w h e th e r I  can f in d  any . T ha t's  
go ing to be a b a tte ry  I  th in k ,  th a t  one b u t  I ' l l  t r y  i t  
anyw ay.
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27 E Why do you th in k  th a t 's  go ing  to  be a b a tte ry ?
28 S I t  ju s t  happens th a t I  know th a t w e 've  g o t a b reakdow n
in  th a t area so the  chances are ... b u t  i t 's  p o ss ib ly  a 
mains one.
29 E  ^ So y o u 've  s ta rte d  y o u r d iagnos is  even b e fo re  y o u 'v e
done the  tests?
30 S T h a t's  r ig h t ,  yes. The custom er ru n g  me up and he sa id
he's g e tt in g  prob lem s coming in  ,,,
31 E You know w here  i t  is  by  th e  posta l ad d re ss  o r  what?
32 S Yes, he sa id to  me he 's hav ing  tro u b le , I  sa id  w h a t road
are you in , he sa id W arren Road, I  sa id  w e 've  g o t a 
problem  down th e re  -  I  know th a t w e 've  g o t a m ajor 
breakdow n deve lop ing  in  th a t area. Yes, i t 's  go ing  to  be 
a b a tte ry  and th e re  i t  is.
33 E So he's go t a b a t te ry  on what: on th e  B leg?
34 S Yes, he's go t a 5 0 -v o lt  b a tte ry  on th e  B -w ire  and on th e
A -w ire  also w e 've  go t a b a tte ry  b u t i t 's  d ro p p in g  o f f  
which in d ica te s  th a t i t 's  a damp one.
35 E Tha t b a tte ry  on th e  A -leg  is  th a t com ing v ia  th e  loop o r
is  i t  coming v ia  where?
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36 S No, i t 's  ju s t  p ic k in g  i t  up. W hat's happened is  th e  cable
is  w e t so i t 's  p ic k in g  i t  up o f f  o th e r  c irc u its .
37 E Yes b u t  w hat I'm  say ing  is  th e  B -le g 's  g o t f u l l  b a tte ry
m ore -o r-le ss , now the  A -le g  is  th a t  p ic k in g  i t  o f f
in d e p e n d e n tly  from  somewhere else no t v ia  th e  ...
38 S P robab ly , p roba b ly , I  c a n 't te ll.
39 E Because th e re 's  no loop th e re , so i t  c o u ld n 't  p ic k  i t
th ro u g h  the  loop could it?
40 S I t  cou ld  do b u t i t 's  d i f f ic u l t  to  te ll in  th is  in s ta n ce
because th e re 's  v e ry  l i t t le  on th e  loop scope because th a t 
re a lly  is  the  d iffe re n c e  between my m eter and the
b a tte ry  th a t 's  on the re . Really w h a t w e 're  lo o k in g  a t the
moment is  ju s t  th e  de fle c tio n : I  know i t 's  a b a t te ry  b u t 
I  was ju s t  look ing  to  see w h e th e r ... we ll you can 
a c tu a lly  see what s o r t o f c o n d itio n  you ge t when th e re  is  
a re c t if ie d  loop on the  line .
41 E So w e 're  look ing  a t the  loop are  we now?
42 5 So y o u 'v e  got 19 d iv is io n s  on th a t  one, then  th a t  way
ro u n d  we 've go t 35, you know, i t 's  a lte r in g ; b u t  I  know 
i t 's  n o t a re c tif ie d  loop because i t 's  b a tte ry  A and  B, b u t 
th a t 's  the  s o rt o f th in g  ...
43 E I  g e t w hat you mean, because th e re 's  v o lts  on i t  y o u 're
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not re a lly  te s tin g  a loop.
44 S Th is  is  w here  y o u 'v e  go t to  be ca re fu l because yo u 've
go t to  be p o s it iv e  as to  w hat yo u 're  lo o k in g  a t. I  mean 
when you th ro w  th a t  key and you look a t i t  to  me th a t 's  
ju s t  a d e fle c tio n , i t  means no th ing  a t th e  moment b u t I 'v e  
go t to  th ro w  th a t  key to  decide, now, see, i t 's  a b a tte ry  
-  i t 's  on th e  move the  whole time. P roba b ly  i f  I  lis te n  
on i t  i t 's  as no isy  as a n y th in g . Yes.
45 E T h a t's  w a te r you reckon o r what?
46 S Tha t is , yes.
47 E So l is te n in g 's  a p re t ty  good te s t fo r  th a t  is  it?
48 S You can u s u a lly  te ll,  I  mean I  would n e ve r b o th e r to
p rove  th a t  o u t in  an exchange because in  normal 
c ircum stances  i f  you ge t a fu l l  b a tte ry  lik e  th a t, in  the  
m a jo r ity  o f cases i f  y o u 're  g e tt in g  a fu l l  50 v o lts  on a 
lin e  i f  you a p p ly  an e a rth  to  i t  and lis te n  u su a lly , i f  i t 's  
go ing to  be in  th e  exchange, y o u 'll g e t d ia ll in g  tone as 
a genera l ru le . I  mean unless yo u 've  go t an abso lu te  fu l l 
50 v o lts  -  OK sometimes the  exchange b a t te ry  to  us reads 
48 v o lts , as lo ng  as you know w hat the  exchange vo ltage  
is  then  un less i t  reads 48, i f  i t 's  less than  48 o r  50 o r  
w h a te ve r y o u 're  alm ost 100% ce rta in  i f  you say i t 's  away 
from  th e re .
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49 E So a n y th in g  below abou t 45 you know i t 's  o u t o f the
exchange.
50 8 OK, y o u 're  go ing  to  be w ro n g  b y  p ro b a b ly  one in
pe rhaps severa l hu n d re d .
51 E How cou ld  i t  be? Y o u 've  g o t a le a ky  pa th  in  the
exchange?
52 8  I t 's  possib le  b u t the  chances a re  v e ry  v e ry  remote: i t 's
lik e  I  said I  mean I  have know n a re c t if ie d  loop be ing  in  
the  exchange b u t when you f in d  i t  e v e n tu a lly  you f in d  i t  
was in  a ju m p e r th a t  had g o t warm w ith  o th e r  ju m p e rs  
ru n n in g  across i t  and i t  ju s t  s o r t  o f arced across: i t 's  
ju s t  one o f those th in g s , so re a lly  when y o u 're  do ing  
th is  th e re 's  a s o r t  o f ca lcu la ted  r is k  in  o th e r  words.
53 E Do you ge t much feedback?  I  mean th a t one you said
abou t a ju m pe r, how w ou ld  you e v e n tu a lly  know tha t?
54 8 Y ou 've  g iven  i t  o u t to  an e x te rn a l chap and he 'd  say well
I'm  p ro v in g  i t  back to  th e  exchange and you say OK I ' l l  
ge t the  fuses pu lle d , you g e t th e  fuses  p u lle d  and you 
can see i t .  U sua lly  w h a t I  do is  ge t th e  chap in  the  
exchange to  p u t th is  w here  he 's  in  on the  o th e r  side o f 
the  main fram e and i f  i t 's  in  th a t  ju m p e r then  y o u 'll g e t 
a c le a r use r d is , b u t i f  i t 's  bad to  th e re  i t 's  go ing  to  be 
up on the  IDF so i t 's  ju s t  th e n  d e a lt w ith  by  th e  specia l 
fa u lts  chap.
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55 E I  m u s tn 't hold you up Jim you c a r ry  on and w e 'll ju s t  go
th ro u g h  a ro u tin e  w ith  you. So th a t  was w hat you 
th o u g h t i t  w as ,p robab ly  in  th a t cable.
56 S Yes, th a t 's  r ig h t ,  th a t 's  where i t 's  go ing  to  be: th e re 's  no
do u b t abou t th a t one. Th is one 's a b i t  d i f fe re n t  b u t ...
57 E What have we go t there?
58 S She says th a t  on he r f i r s t  lin e  th a t she 's  no t g e ttin g
ca lls  in . I  d id  ask he r i f  she cou ld  g e t d ia ll in g  tone on 
i t  b u t she said I  d o n 't  know.
59 E T ha t's  a PBX fa u lt  is  it?
60 S Yes. I t 's  b locked  up in  the  exchange, i t 's  he ld  up by  a
p re v io u s  incom ing ca ll.
61 E How does th e  te s t te ll you tha t?
62 S We've go t PET cond ition : w e ll i f  we p re ss  the  p r io r
co n tro l key down we then o v e rr id e  th e  PET co n d itio n  and 
w e 're  g e tt in g  50 vo lts , I  know th a t 's  go ing  to  be the  
exchange b a tte ry . I f  we p lug  in to  a n o th e r one, 49 vo lts , 
i t 's  the  same, and i f  we check th e  o th e r  le g ,th e re 's  
n o th ing  on th e re  except the  exchange e a r th  and th e re 's  
no d ia llin g  tone on the re , and i f  I  d is c o n n e c t my loop 
w h ich I 'v e  go t on the  lin e  a t th e  moment you can ju s t
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s o r t  of h ea r th e  relay  click  in and  ou t.
63 E Which re la y ’s tha t?
64 S T h a t'l l be one in  the  exchange; p ro b a b ly  in  th e  f in a l.
I t 's  go ing  to  be th a t th is  PET in  th e  exchange is  he ld 
up.
65 E Where w ould th a t PET come from  in  th e  exchange?
66 S I t 's  poss ib le  th a t i t  cou ld  be som eth ing  w h ich  is  no t
supposed to  happen nowadays and th a t  is  th a t  w ha t we 
call th e  CSH, i t 's  Called Sub Held, i t  s h o u ld n 't  happen 
o ff ic ia l ly .
67 E Because i t  shou ld  be sub c le a r down s h o u ld n 't  it?
68 S T h a t's  r ig h t :  i t  shou ld  be au tom atic  c le a r down on nex t
m eter pu lse; b u t I  mean I  took  th a t  ca ll a t 18 m inutes 
pas t n ine  and here we a re  a t 5 p a s t 11, tw o  h o u rs  la te r  
and i t 's  s t i l l  the re .
69 E So i t  cou ld  be tha t?
70 S I t  cou ld  be o r i t 's  poss ib le  th a t  th e re 's  a fa u lt  a t th e
d is ta n t end which is  h o ld ing  th e  ca ll
71 E In  o th e r  w ords the  c a llin g  s u b s c r ib e r  is  s t i l l  re a lly
h o ld in g  i t .
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72 S T h a t's  r ig h t .  I t  m ig h t no t be coming r ig h t  from  th e
o th e r phone b u t i t 's  be ing  held, I  w ould say, p ro b a b ly  
from  th e  c a llin g  exchange.
73 E But you cou ld  hea r th e  exchange?
74 S Yes. T h is  one 's a l i t t le  b i t  d if fe re n t.
75 E A s in g le  bus iness lin e  is  it?
76 S No, i t 's  a Herald th is  one. She com pla ins th a t  ca lls
com ing in  a re  c u t t in g  o ff.  L e t's  p u t a call in  o v e r the  
n e tw o rk  and see w ha t happens.
77 E You o pe ra te  h is  p r iv a te  c o n tro l do you?
78 S No, I 'v e  re leased i t  from  my equ ipm ent a lto g e th e r and I'm
ju s t  p u t t in g  a norm al ca ll o u t to  them, I  w an t to  see 
w h e th e r ... ju s t  to  see. Good m orn ing , i t 's  th e  telecom 
eng inee r. You com plained a b i t  e a r lie r  on abo u t incom ing 
ca lls  c u t t in g  o ff;  cou ld  you te ll me does th is  happen 
d ire c t ly  y o u 'v e  answ ered o r  is  i t  a f te r  y o u 'v e  been 
speak ing  fo r  some time? Is  th is  a f te r  y o u 'v e  p u t i t  
th ro u g h  to  an extension  o r  as soon as you answ er, o r ...? 
No, you s h o u ld n 't  be able to  lose a c a ll, th a t 's  tru e , no t 
from  y o u r  end. B u t yo u 've  had i t  happen w here  yo u 've  
extended them to  an extension and then  i t 's  d ropped  
back to  you a t th e  board has it?  I t 's  no t come back to
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you a t a ll, th e y 'v e  lo s t i t  com p le te ly . A ll r ig h t ,  we ll w e 'll 
have a look: I  d o n 't  th in k  i t 's  go ing  to  be a n y th in g  a t 
y o u r end though , by  th e  sound o f i t ;  w h e th e r w e 've  go t 
a problem  somewhere else, I  d o n 't  know. We'll make some 
tests , th a n kyo u , bye. I  d o n 't  l ik e  th a t  one: th a t 's  not a 
nice one. T he y ’ re  g e tt in g  c u t  o f f  on incom ing ca lls : well, 
bas ica lly , th e y  c a n 't re a lly  lose a ca ll,e sp e c ia lly  on a 
Herald.
79 E She's g e tt in g  c u t  o f f  on a ll s o r ts  o f  c o n d itio n s  is  she?
80 8 Yes, she says she ge ts  c u t  o f f  sometimes when she's
ta lk in g  to  them be fo re  she 's  extended them to  an 
extension and then  when she ex tends  to  an extens ion  she 
sudd en ly  sees th e  l ig h t  come up and th e  c a ll's  lo s t and 
she can see th a t  the  ex tens ion  is  f la s h in g  t r y in g  to  ge t
re -connected  b u t  the  ca ll i t s e l f  is  lo s t. I f  i t  ge ts  c u t o f f
from  the  extension i t  shou ld , on a Herald, d ro p  back to  
the  board b u t i t 's  n o t happen ing  so she 's  lo s ing  i t  
com plete ly w h ich means re a lly  th a t  th e re 's ...  What i t  
could be -  and th is  is  one o f th e  problem s o f th is  -  w hat 
i t  more than l ik e ly  is  p ro b a b ly  a see f i r s t  in  ano the r 
exchange somewhere w h ich  is  d ro p p in g  o u t on m ete ring ; 
now i t  cou ld  be on the  in it ia l m eter pu lse  o r  i t  cou ld  be 
on subsequen t m eter pu lses.
81 E But w o u ld n 't th a t  depend on h e r g e tt in g  th e  ca lls , a ll
these ones from  the  same place?
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82 S T h a t's  r ig h t .  I t 's  v e ry  u n lik e ly  th a t  th e y 're  a ll com ing
from  th e  same place which again makes you w onde r 
exac tly  w here i t  is . I t 's  a d i f f ic u l t  one to  f in d  th a t  one, 
I'm  a fra id , b u t I  th in k  I ' l l  have to  g iv e  th a t  one to  the  
man down on th e  section. I  c a n 't re a lly  g iv e  him any 
o th e r in fo rm a tio n  o th e r than th a t re a lly ; I ' l l  speak to  him 
when I  godown th e re  about it .
83 E On th e  section  you mean ...?
84 S I t ' l l  go down to  the  DFDR.
85 E So y o u 'v e  more o r  less c leared th a t 's  exchange.
86 8 I  would say so b u t the  chances o f f in d in g  i t  a t th e
moment a re  ra th e r  remote un less we can p in -p o in t  th a t 
th e y  a ll a re  coming from  one p a r t ic u la r  exchange w h ich  
is  d i f f ic u l t  because she doe sn 't know w h ich  ca lls  a re  
go ing  to  c u t o ff;  so unless you ge t h e r to  say w here  are  
you ca llin g  from  on e ve ry  one ...
87 E Which you c a n 't do can you?
88 5 No, th a t 's  w hat I  mean. This is  w hat makes th a t  s o r t  o f
th in g  ... the  d iagnosis  o f th a t v e ry  d i f f ic u l t .  I  mean you 
know v ir tu a l ly  th a t  i t 's  not a t th e ir  end ...
89 E So re a lly  yo u 've  go t a fa ir  idea o f w ha t th e  fa u lt  m igh t
be b u t  you d o n 't  know how to  f in d  w h e re  i t  is  -  tw o
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d if fe re n t  th in g s  a re n 't  they?
90 S T h a t's  r ig h t .  I  mean I  cou ld  be w rong . I t  cou ld  even be
som eth ing  s il ly  l ik e  som ebody's changed the  w ire s  on the  
f in a l se le c to r and re ve rsed  them, b u t th a t w ou ld  c u t  h e r 
o f f  on answ ering  so i t 's  no t go ing  to  be th a t because she 
said i t  happens also when she 's  had i t  extended.
91 E And you reckon the  f i r s t  m eter pu lse  is  the  one th a t  ...
92 S P robab ly , subse quen tly . T h is  is  th e  s o r t  o f  th in g  th a t
we ge t.
93 E What have we g o t here?
94 S Shared se rv ice  lin e : the  w ire  sub  com plains o f no d ia l
tone. Again, w e 've  go t a PET co n d itio n . I ' l l  haza rd  a 
guess th a t one o f them has gone TOS.
95 E Can you see both  b a tte r ie s  o r  w hat?
96 S I  can see both  o f them now a c tu a lly .
97 E Was th a t  te s tin g  norm ally?
98 S Yes. I  th in k  w e 'll have to  c o n s u lt the  TOS book on th a t
one.
99 E Would th e  o th e r sub TOS a ffe c t it?
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100 S I t  s h o u ld n 't  do b u t  i f  i t 's  done w ro n g  i t  does.
101 E You mean a t th e  exchange th e y 'v e  p lu g g e d  up th e  whole
102 S T ha t's  r ig h t ,  y o u 'v e  go t both  o f them o u t in s te a d  o f one.
I  may be w rong  b u t  th a t to  me is  th e  f i r s t  th in g  to  
check.
103 E I t  means i f  th e  o th e r  sub h a s n 't pa id  th e ir  b i l l ,  th e y  c u t
both  o f by  m istake.
104 S One o f the  prob lem s being w ith  th in g s  l ik e  th a t  is  th a t
when the  exchange c le rk  ca lls  o v e r lin e s  to  be TOS th e y  
d o n 't  a lways te ll you th a t i t 's  a sha red  s e rv ic e  lin e , so 
the  chap in  th e  exchange ju s t  goes ro u n d , moves th e  l in k  
and y o u 've  go t bo th  o f them out.
Th is  ones ju s t  a coinbox com pla in ing  th a t  th e y  ge t
con tinuous  pay tone  a fte r  th e y 'v e  p u t  5p in . A ll we can
do is  ju s t  te s t th e  lin e  ju s t  to  see w h e th e r th e re  is  any 
fa u lt .  The s o r t  o f th in g  th a t can cause th a t  on th e  lin e
is ,aga in , i f  yo u 'v e  go t a re c tif ie d  loop o r  a b a t te ry  on
the  line .
105 E Because i t  c a n 't  see the  p ro p e r s ig n a l because th a t 's  a
h igh  res is tance  loop is n 't  it?
106 S I t 's  te s tin g  p e r fe c t ly  OK th a t one. W e'll have to  send o u t
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on th a t  one i t  cou ld  be a fa u lt  on th e  box o r  i t  cou ld  be 
in  th e  exchange.
107 E On th e  fee checker, yes. B u t I  im agine i t 's  a t th e
co inbox you notice  it .
108 S Yes, we get more prob lem s, e spe c ia lly , as I  say, 5p
d o e sn 't w o rk  b u t the  lOp does, th o u g h  th e  chances o f i t  
be ing  on the  coin feecheck in  th e  exchange is  a b i t  
remote.
109 E T ha t w o u ld n 't extend w ould  it?
110 S No, th a t 's  r ig h t.
END OF TRANSCRIPT EXTRACT
435
A p p e n d i x  A
A2 TELECOM REPAIR SERVICE PROTOCOL DIGEST
(T h is  d ig e s t co rre sp o n d s  to  th e  e x tra c t from  the  raw p ro toco l a t Section A.1)
TRANSCRIPT DIGEST FOR BARNET REPAIR SERVICE CONTROL
JIM  HARVEY -  FIRST SESSION -  RCO DUTY
1 I f  no t much on docke t then  basic te s tin g  p lus  r in g
custom er.
2 I f  cus tom er no re p ly  then m ark ca rd  te s tin g  OK -  no
re p ly  and t r y  la te r.
3 What fa u lts  canno t see i f  te s tin g  OK b u t  custom er (v a lid )
re p o rt?
4 M ust have custom er the re  to  know i f  th e y  can e s tab lish  
loop when ca lled .
5 -6  S till see c a p a c ito r when custom er p ic k s  up  phone.
I f  NOT + one in s tru m e n t + custom er th e re  + no re p ly  
then  p lu n g e rs  s tu c k  o r som ething else.
7-8  0 0 0  (e sp e c ia lly  from  manual board ) + re - te s t  a f te r  24
hou rs  and no re p ly  then w r ite  o f f  RWT NRC.
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9-10 I f  RWT NRC and one o f few  th a t  come back th e n  top  o f
p ile .
11-2 O nly a lte rn a tiv e  to  RWT NRC is  send fau ltsm an  u su a lly
a b o rtiv e . Number o f RWT NRCs th a t  come back is  v e ry  
small.
13 What can be seen a t custom ers prem ises w ith o u t 
cus tom er’s coopera tion?
14 U n fo r tu n a te ly  u s u a lly  can o n ly  see th in g s  w h ich  cou ld  be 
e ith e r  in  cus tom er's  prem ises o r  on ou ts id e  lin e .
14-6 R ectified  loops from  prem ises o r  e x te rn a lly  o r  u n u s u a lly
from  exchange.
18 R ectified  loops u su a lly  caused b y  dampness.
18-20 O rd in a ry  loop w ith  b a tte ry  on B -w ire  and e a r th  on A -
w ire  g ives  30k de fle c tio n  b u t re v e rs in g  lin e  on re c tif ie d  
loop (b a tte ry  on A, e a rth  on B w ill cause d e fle c tio n  to  go 
r ig h t  back o r  d isappear.
22 Old term  fo r  re c t if ie d  loop is  low  loop.
22 On e x te rna l te s te r  m ust re v e rs e  w ire s  to  see re c tif ie d
loop w ith  ca p a c ity  one way and re c tif ie d  loop th e  o th e r.
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24 T e llin g  ou ts ide  fau ltsm an i t  is  a re c t if ie d  loop rem inds
them to  reve rse  m eter.
25-26 R ectified  loops a t prem ises o r  n e tw o rk  a re  n o t d if fe re n t.
26-32 B a tte ry  fa u lt  assumed before  te s tin g  on bas is  o f custom er
d i f f ic u l ty  "com ing in "  and posta l a dd re ss  near m ajor 
b reakdow n.
28 M a jo r b reakdow n fa u lts  may be mains ones.
32 Expected b a tte ry  fo u n d  on "m a jo r b re a kd o w n " fa u lt .
32 5 0 -v o lt  b a tte ry  on B -w ire , b a tte ry  d ro p p in g  o f f  on A -w ire
in d ica te s  damp one.
35-40 B a tte ry  on A -le g  is  p icked  o f f  o th e r  c ir c u its  and
p ro b a b ly  no loop th e re .
41-2 T es tin g  loop "re s is ta n c e " g ives  19 and re v e rs e  35
d iv is io n s  no t re c t if ie d  loop because b a t te ry  A and B.
42-44 Deflection a lte r in g ..."o n  the  move the  w hole  tim e " w ill be
b a tte ry  so assume and then  co n firm  "as no isy as 
a n y th in g " .
44 A loop te s t is  " ju s t  a d e fle c tio n " and d o e sn 't mean
a n y th in g  so m ust be p o s itive  w hat you a re  lo o k in g  at. 
Confirm  b y  b a tte ry  tes t.
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45-7 C onfirm ed as w a te r -  u su a lly  te ll b y  lis te n in g .
48-50 Norm ally i f  50 v o lts  (and g e n e ra lly  d ia llin g  to n e ) on lin e
when a p p ly  e a rth  to i t  then  assume in  exchange. I t  
a n y th in g  less than  50 v o lts  (excep t w he re  exchange 
b a tte ry  reads 48 v o lts ) then  alm ost 100% c e r ta in  away 
from  exchange.
50-52 Could be w rong  on less than  50 v o lts  in  exchange in  one
o f seve ra l h u n d red  fa u lts  b y  (rectified) loop in  "arcing" 
warm ju m p e r w ith  o th e r ju m p e rs  ru n n in g  across  i t .
54 Cases such as re c tif ie d  loop in  exchange n o tice d  when
g iven  to  ex te rna l man and he asks fo r  fuses  to  be pu lled  
to  p ro ve  back to  exchange (a f te r  fa il in g  to  f in d  ex te rna l 
fa u lt? ) . I f  loop s t i l l  seen when fu se s  o u t th e n  d is  wedges 
on o th e r  (exchange) s ide o f MDF. I f  loop c le a rs  then  (ie  
c le a r use r d is ) then in  MDF ju m p e r f ie ld . I f  bad to  d is  
wedges then  fa u lt  on IDF s ide  and dea lt w ith  b y  Special 
Fau lts.
55-6 F au lt a t (32) confirm ed as in  cab le  "no  d o u b t a b o u t th a t
one".
58-9 PBX re p o r t  o f no incom ing on f i r s t  line . C ustom er no t
su re  i f  g e tt in g  DT.
60 Diagnosed as "b locked  up in  exchange -  he ld  up by
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p re v io u s  c a ll" .
61-4 Diagnosed b y  g e tt in g  PET on lin e  and th e n  o p e ra tin g
P riva te  C on tro l Key to  o v e rr id e  PET g ives  50 v o lts  on B- 
leg  (con firm ed  as exchange b a tte ry  b y  com parison (=49 
v o lts ) w ith  a n o th e r lin e  and exchange e a rth  and no 
d ia llin g  tone  on A -leg . D isconnecting te s t loop can ju s t
hear (p ro b a b ly  exchange f in a l)  re lay  c lic k  in  and out.
65-73 PET suggested  as due CSH which shou ld  c le a r down on
next m eter pu lse  b u t a c tu a lly  two h o u rs  s in ce  re p o r t.
' Suggested as fa u lt  a t d is ta n t exchange a lth o u g h  p ro b a b ly  
no t d is ta n t custom er.
74-6 Report o f Herald w ith  incom ing ca lls c u t t in g  o ff.
76-78 Releases te s t  desk c irc u its  and pu ts  in  norm al ca ll o v e r
n e tw o rk  " to  see w hat happens".
78 Speaks to  custom er and asks i f  happens d ire c t ly  call
answ ered o r  a f te r  speaking  fo r  some tim e, i f  when p u t 
th ro u g h  to  ex tens ion  o r  as soon as o p e ra to r  answ ers. 
Asks o p e ra to r i f  had i t  happened w here  ca ll has been 
extended to  extension  and the  d ropped  back  to  board . 
O pe ra to r c o n firm s  no t d ropped  back b u t  lo s t  com ple te ly. 
Tells o p e ra to r  fa u lt  no t l ik e ly  to  be a t h e r end and 
prom ises tes ts .
79-80 C onfirm s th a t  o p e ra to r is  los ing  ca lls  when speak ing
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be fo re  ex te n d in g  and when ca ll extended (ex tens ion  
flashes fo r  re -c o n n e c tio n ). I f  Herald gets c u t  o f f  a t 
extension then  shou ld  d ro p  back to  board b u t  th is  case 
is  w here  lo s in g  ca ll com ple te ly . Suggested as C1st on 
a n o th e r exchange d ro p p in g  o u t on m ete ring  (e ith e r  in it ia l 
o r  subsequen t m eter pu lses).
81-9  Suggested d iagnos is  w ou ld  depend on all ca lls  from  same
exchange w h ich makes "w o n d e r exactly  w h a t i t  is " .  
D if f ic u lt  to  f in d  so g ive n  to  FDO and w ill speak to  him 
abou t it .  Chances o f f in d in g  fa u lt  are rem ote s ince  
custom er does n o t know w h ich  ca lls  w ill c u t o f f  and from  
where. However v ir tu a l ly  c e r ta in  no t a t custom ers  end. 
Case w here can d iagnose p ro b a b le  cause o f fa u lt  b u t  no t 
loca tion .
90 Rejected a lte rn a tiv e  h y p o th e s is  is  somebody c h a n g in g  and
re v e rs in g  w ire s  on f in a l se le c to r w h ich w ould cause c u t 
o f f  on answ ering . A ctua l fa u lt  also occurs  when extended 
so fa u lt  on f i r s t  m eter pu lse  p robab le .
128 (Comment on Herald re p o r t)
93-4  NOT re p o r t  from  Y~sub on SS line . PET c o n d itio n  found .
Guess th a t one sub  has gone TOS.
95-8  Both b a tte r ie s  can be seen and lin e  is  te s tin g  no rm a lly
( fo r  SS).
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98/102 Decides to  ( la te r )  consu lt TOS book. May be w ro n g  b u t 
f i r s t  th in g  to  check.
99-104 O the r sub TOS shou ld  have no e ffe c t b u t exchange c le rk  
may call o v e r lin e s  to  be TOS w ith o u t m e n tion ing  SS so 
exchange ju s t  move l in k  and bo th  subs ou t.
104-6 Coinbox re p o r t  o f C P I a fte r  5p in s e rte d . O n ly  o p tio n  is  
to  te s t lin e  w h ich  p roves OK so send fau ltsm an  ou t. Could 
be fa u lt  in  box o r  exchange.
104 F au lt o f th is  ty p e  could have been caused (and  de tec ted ) 
b y  re c tif ie d  loop o r  b a tte ry  on line .
107-10 More prob lem s a t coinbox than  a t exchange fee  ch e ck ing  
equ ipm ent. U n lik e ly  to  be fee checke r s ince  fa u lt  is  on ly  
on 5p and no t lOp.
END OF TRANSCRIPT DIGEST EXTRACT
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A.3 TELECOM REPAIR SERVICE KNOWLEDGE ORGANISATION -  INTRODUCTION
T h is  section in c lu d e s  e x tra c ts  from  the  v a r io u s  know ledge o rg a n is a tio n  te x ts  
and s tru c tu re s  used fo r  ana lys is  o f the  Telecom R epair S e rv ice  know ledge. 
The e x tra c ts  a re  la rg e ly  s e lf-e x p la n a to ry  and commence a f te r  th e  
c o n s tru c tio n  o f th e  p ro toco l d ig e s t a t Section A.2 above. Section A.4
il lu s tra te s  th e  e x tra c tio n  o f key w ords from  th e  t ra n s c r ip t  d ig e s t and 
Section A.5 shows how th e  va rio u s  domain concep ts are  o rd e re d  in to  a 
h ig h e r  le ve l c la s s if ic a tio n . Section A.6 is  a h ie ra rc h ic a l c la s s if ic a tio n  o f 
concepts.
Section A.7 p ro v id e s  an example o f concepts an a lys is  and leads to  Section 
A.8 w h ich  shows an actua l example o f ana lysed concepts. A t S ection A.9 an 
e x tra c t is  made o f d ia g n o s tic  sequences and consequen tia l ru le  sequences 
a re  shown a t Section A.10. Th is  f in a l app end ix  in c lu d e s  examples from  th e  
in it ia l ru le  s e t w h ich  fo rm ed  the  basis fo r  th e  ac tua l im p lem enta tion .
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A.4 KEY WORDS FROM TRANSCRIPT/DIGEST
(Page num bers re fe r  to  th e  o r ig in a l f u l l  t ra n s c r ip t)
PAGE 1
d ocke t
basic te s tin g  '
r in g  custom er •
custom er = sub
CNR = custom er no re p ly
m ark ca rd
te s tin g  OK -
RWT = r ig h t  when tes ted
t r y  la te r
re p o r t
v a lid  re p o r t
custom er th e re
e s ta b lish  loop
loop
see capa c ito r 
ca p a c ito r
p ic k  up phone (ie  custom er)
NOT. = no d ia l tone 
one in s tru m e n t 
(tw o  in s tru m e n ts ) 
in s tru m e n t = te le  = te lephone 
te le
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te lephone 
p lu n g e rs  s tu c k  
p lu n g e rs  
000
manual board 
re - te s t  a f te r  24 hou rs  
top  o f p ile
send fau ltsm an = v is i t  custom er 
v is i t  custom er 
a b o rt iv e  v is i t
com ing back (eg RWT NRCs)
seeing (co n d itio n s  on te s t)
cus tom er's  prem ises = prem ises
prem ises
ou ts id e  lin e
re c t if ie d  loop
loop
e x te rna l
exchange
cause
dampness
o rd in a ry  loop
b a tte ry  B
e a rth  A
p u t b a tte ry  on B 
p u t e a rth  on A 
re v e rs in g  lin e  
p u t b a t te ry  on A 
p u t  e a rth  on B
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d e fle c tio n
30k de fle c tio n
low  loop = re c t if ie d  loop
e x te rn a l te s te r
re v e rs in g  w ire s  ( in  f ie ld )
one way
th e  o th e r  way
ca p a c ity  = capacitance
re v e rs in g  m eter ( in  f ie ld )
n e tw o rk
b a tte ry  fa u lt
te s tin g
custom er d i f f ic u l ty  
custom er I /C  d i f f ic u l ty  
posta l add ress 
m a jo r b reakdow n 
mains
mains fa u lts  
e xpe c ting  b a tte ry
PAGE 2
50 v o lt  b a tte ry  on B w ire  
b a t te ry  d ro p p in g  o f f  on A w ire  
damp fa u lt  
b a t te ry  on A w ire  
leg  = w ire
b a tte ry  p icked  o f f  o th e r  c irc u its  
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no loop
loop res is ta n ce  
re v e rs e  loop res is tance  
b a t te ry  A and B 
d e fle c tio n  on th e  move 
noise 
no isy  
loop te s t 
b a tte ry  te s t
w a te r (=damp=dampness?) 
l is te n in g
DT = d ia llin g  tone 
a p p ly  e a rth  = p u t e a rth  
50 v o lts  
48 v o lts
away from  exchange 
in  exchange 
a rc in g  in  ju m p e rs  
ju m p e r 
ju m p e r fa u lt
re c t if ie d  loop in  exchange 
ex te rn a l man 
p u llin g  fuses
p ro v in g  back to  exchange
ex te rn a l fa u lt
fuses
fuses  o u t
d is  wedges
(exchange) s ide  o f MDF
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loop c le a rin g  
MDF ju m p e r fa u lt  
MDF ju m p e r
IDF s ide  o f MDF (=exchange s ide  o f MDF) 
Special Fau lts 
fa u lt  in  cable 
PBX
f i r s t  lin e
no incom ing
DT = d ia l tone
CSH = called sub he ld
b locked up in  exchange = CSH
PET = perm anent engaged tone
p r iv a te  co n tro l key
o v e r r id in g  PET
50 v o lts  on B leg
m easuring exchange b a tte ry
50 v o lts  exchange b a t te ry  te s tin g  a no the r lin e
exchange ea rth
NDT on A leg
d isconne c ting  te s t loop
hea ring  re lay  c lic k  in  and o u t
CSH c le a r on nex t m eter pu lse
(e lapsed) time
fa u lt  a t d is ta n t exchange
Herald
incom ing ca lls  c u t t in g  o f f  
normal call o v e r n e tw o rk  
speak ing  to  custom er
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a sk in g  w ha t happens 
( fa u lt )  d ire c t ly  on answ ering  
( fa u lt )  a f te r  elapsed tim e 
p u t t in g  th ro u g h  to  extension
PAGE 3
(PBX) o p e ra to r a nsw e ring  incom ing call 
(PBX) call extended to  extension 
(PBX) call d ro p p in g  back to  o p e ra to r 
(PBX) call lo s t com ple te ly 
p rom is ing  te s ts  (to  custom er)
(PBX) ca lls  be fo re  ex te n d in g  
(PBX) ca lls  a f te r  ex te n d in g  
(PBX) board = o p e ra to r 
extension fla s h in g
exchange C1st d ro p p in g  o u t on m ete ring  
ca lls  from  same (d is ta n t)  exchange 
FDO
speak ing  to  FDO 
chances o f f in d in g  fa u lt  
remote chance o f f in d in g  fa u lt  
custom er know ing  sou rce  o f ca lls  
custom er no t know ing  source  o f ca lls  
fa u lt  a t custom ers end 
cause o f fa u lt  
loca tion  o f fa u lt
re ve rsa l o f w ire s  on f in a l se lec to r ( fa u lt )
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c u t o ff on answ erin g
fa u lt  on f i r s t  m eter pu lse
Y sub  on SS lin e
X sub  on SS lin e
TOS = te m p o ra ry  o u t o f se rv ice
seeing bo th  b a tte r ie s  on SS lin e
SS lin e  te s tin g  norm a lly
TOS book
c h e c k in g /c o n s u lt in g  TOS book
f i r s t  th in g  to  check
e ffe c t o f TOS on o th e r sub
SS b y  m oving l in k  bn  IDF
TOS fa u lt  due to  m oving SS l in k  on IDF
OPT a f te r  in s e rt io n  o f coin
fa u lt  in  co inbox
fa u lt  in  fe e -c h e c k in g  equ ipm ent
fa u lt  on accep ting  any coin
fa u lt  on accep ting  p a r t ic u la r  co in (s)
1,000 ohm (RSC) loop
350 ohm co rd  (RSC) loop
650 ohm (RSC) loop (o ld  exchanges)
us in g  1,000 ohm loop
us in g  650 ohm loop
us in g  350 ohm co rd  loop
END OF EXTRACT
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A.5 CLASSIFICATION OF CONCEPTS
The fo llo w in g  is  a h ig h - le v e l c la ss ifica tio n  o f concep ts . The la be ls  in  ca p ita l 
le t te rs  (eg FINDINGS) re fe r  to  separa te  conce p t l is t in g s  fo r  w h ich  an 
example (ELECTFIND) is  g iven  la te r  in  th is  append ix .
CONCEPTS IN  RSC DIAGNOSIS
TESTS: d e lib e ra te  in fo rm a tion -see  k in  g p ro ce d u re s  (eg te s tin g  
a n o th e r lin e )
FINDINGS: re s u lt in g  d ire c t ly  o r in d ir e c t ly  from  te s t p ro c e d u re s
REPORTS: re p o r ts  from  the  custom er o r  v ia  o p e ra to r (eg NDT)
CUSTQEST: d ia g n o s tic  questions asked o f th e  custom er (eg incom ing
ca lls  o n ly )
CUSTTELL: custom er in fo rm a tion  re s u lt in g  d ire c t ly  o r  in d ir e c t ly  from  
que s tions  (eg bedroom te le  is  on hook)
SEERECS: in fo rm a tio n  seeking from  p a p e r o r  com pute r re c o rd s  (eg 
in  TOS book?)
RECSINFO: re c o rd s  in fo rm a tion  (eg th re e  re p o r ts  I /C  d i f f  in  la s t 
th re e  months)
DIAGS: th e  d iagnosis o f the  fa u lt  so u rce  (eg re c t if ie d  loop in
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prem ises)
DISTRIB: w here  o r  who th e  fa u lt  is  d is tr ib u te d  to  (eg SFs, 
fau ltsm an jo in te r )
FAULT: th e  e ve n tu a l p rec ise  location o f the  fa u lt  (eg MDF fuse  
m ounting , d ia l)
CLEAR: th e  "co d e d " re co rd  o f the  fa u lt  fo r  fu tu re  re fe re n c e  (eg 
d is  in  ca b ine t)
STRATEGIES: d ia g n o s tic  s tra te g ie s  (eg p rove  o u t o f exchange)
STRATEST: d ia g n o s tic  s tra te g ie s  d u r in g  te s tin g  (eg a s k in g  fo r  fuses 
o u t)  -
ELECT EST: e le c tr ic a l te s ts  done from  the  Test Desk (eg loop te s t)
ELECTFIND: re s u lts  o f e le c tr ic a l tes ts  done from  th e  T e s t Desk (eg 
b a t te ry  B)
LISNTEST: lis te n in g  te s ts  done from  the  Test Desk (eg lis te n in g  fo r  
b ird s )
LISNFIND: re s u lts  o f lis te n in g  tes ts  done from  th e  T es t Desk (eg 
modem tone)
TONETEST: lis te n in g  fo r  tones (eg SS d ia l tone b y  a p p ly in g  e a rth )
452
A p p e n d ix  A
TONEFIND: re s u lts  o f tone te s ts  (eg PET)
NOISTEST: lis te n in g  fo r  non -tone  "n o is e s " (eg lis te n in g  to  
fa u ltsm a n 's  s h o r t)
NOISFIND: re s u lts  o f "n o ise " te s ts  (eg re la y  c lic k in g  in  and o u t)
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A.6 CONCEPT HIERARCHIES IN TELECOM REPAIR SERVICE DIAGNOSIS
TESTS
-  ÉLECTEST 
■ -  LISNTEST
-  TONETEST
-  NOISTEST
-  CUSTQEST
-  SEERECS
FINDINGS
-  ELECTFIND
-  TONEFIND
-  NOISFIND
-  CUSTELL
-  RECSINFO
REPORT-> [STRATEGY-> TESTS-> FINDINGS-> DIAGNOSIS]-> CLEAR
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A.7 EXAMPLE OF CONCEPTS ANALYSIS
The fo llo w in g  is  an e x tra c t from  one o f the  concep t l is t in g s  (ELECTFIND) 
shown in  Section A.6 above. Page num bers re fe r  to  the  o r ig in a l fu l l  
t ra n s c r ip t
ELECTFIND
PAGE 1
te s tin g  OK 
loop
see ca p a c ito r
NDT = no d ia l tone...NOISRESL? 
see ing (c o n d itio n s  on te s t)  
re c tif ie d  loop 
loop
o rd in a ry  loop
b a tte ry  B
e a rth  A
d e fle c tio n
30k d e fle c tio n
low loop = re c t if ie d  loop
ca pa c ity  = capacitance
b a tte ry  fa u lt
mains
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PAGE 2
50 v o lt  b a tte ry  on B w ire  
b a tte ry  d ro p p in g  o f f  on A w ire  
damp fa u lt  
b a tte ry  on A w ire  
no loop
loop re s is ta n ce  ELECTEST
re ve rse  loop resistance....ELECTEST
b a tte ry  A and B
de fle c tio n  on th e  move
50 v o lts
48 v o lts
loop c le a rin g
50 v o lts  on B leg
50 v o lts  exchange b a tte ry
exchange e a rth
NDT on A leg
PAGE 3
c u t o f f  on answ e ring
seeing both b a tte r ie s  on SS lin e
SS lin e  te s tin g  no rm a lly
1,000 ohm (RSC) loop
350 ohm cord  (RSC) loop
650 ohm (RSC) loop (o ld  exchanges)
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A.8 ANALYSED CONCEPTS
The fo llo w in g  is  a re -a n a ly s is  o f concepts from  th e  REPORTS and DIAGS 
(DIAGNOSES) ca tegories.
IN IT IA L  CLASSIFICATION OF REPORTS
General and DEL Reports 
-  000
O/GO/G d i f f ic u l ty
-  NDT
-  NDT a f te r  m aking call
-  locked  up and n o t re leas ing  a f te r  0 /G  ca ll (= PET a f te r  0 /G )
-  re v e rs io n  to  DT
-  CSH
I /C I/C  d i f f ic u l ty
-  no incom ing
-  incom ing ca lls  c u t t in g  o f f
-  c u t o f f  on answ ering  (= r in g  t r ip )
-  o u tg o in g  b u t no t incom ing
-  hea rin g  r in g  c u r re n t  on answ ering
-  in te rm it te n t  bell r in g in g
I/C PET
-  PET a f te r  0 /G  call
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-  r in g  t r ip
-  CNI prob lem s
Xmsn ’ ’ •
-  bad transm iss ion
-  recep tio n  fa d in g
-  fa in t  recep tion
-  in te r ru p te d  DT d u r in g  conve rsa tion
Noise
-  Noise
-  Noisy transm iss ion
-  hum
-  0 /G  hum
X ta lk
-  crossed lin e s
-  conve rsa tio n
Bell
-  000
-  be ll t in k le
-  fa in t
Mise
-  new lin e  fa u lt
-  non -com p la in ts  w ith  massive e a rth s  and noise
-  re p o r ts  w ith  lin e s  te s tin g  p e rfe c t
458
AppEfcix A
R ep o rts  p a r tic u la r  to general custom er a p p a ra tu s
-  d ia l s tu c k
-  " te le  jo b s "
R eports  p a r t ic u la r  to  SS
-  NDT on Xsub
-  d is p u te d  usage
R eports  p a r t ic u la r  to  PBXs
-  f i r s t  lin e
-  Herald
-  K&LU
-  M onarch s e lf-d ia g n o s tic  re p o rts
-  extens ion  fa u lt
R eports  p a r t ic u la r  to  PCOs
-  CPT
-  CPT a f te r  in s e rt io n  o f coin (=CPT?)
-  re v e rs io n  to  DT
-  fo rc e d  release
-  COAMI ( in a ccu ra te  PCO re p o rt)
-  s lo ts  jammed
-  fo re ig n  co ins (= re p o rt? )
-  doo r n o t c los ing
R eports  p a r t ic u la r  to  PWs
O pe ra to r R eports
-  NU no re co rd
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-  TNR (T es t No Reply)
-  (CNI)
Custom er S e rv ice  Requests
-  p u t t in g  NU on lo ng  s ta n d in g  fa u lt
E ng inee ring  Requests
-  LIAR re p o r ts
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INITIAL CLASSIFICATION OF DIAGNOSES
Testing
-  OK
-  RWT
-  RWT when tes ted  w ith  sub
-  RWT because n o th in g  can be done
-  RWT when TNR b u t w ife  a t home
-  TOS
-  PFT ( lo ck in g  up and not re le a s in g ) a f te r  0 /G  due bad b a t te ry  A
-  PET on SS due IDF l in k
-  loop
L o o p
-  te s tin g  loop (eg re c e iv e r o f f)
-  loop in  cus tom er's  prem ises
-  o rd in a ry  loop (= loop)
-  no loop
-  res is tance  loop (ie  abnormal loop re s is ta n c e ) re c tif ie d  loop
-  in  exchange
-  in  UG
-  in  prem ises
-  re c tif ie d  loop le a d in g  to  r in g  t r ip  low  loop (= re c tif ie d  loop)
-  capac ity
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Pis ' - '
-  in te rm it te n t  d is
-  d is  A
-  d is  A (= 5 d iv is io n s )
-  d is  in  exchange
-  d is B a t exchange
-  d is o u ts id e
-  d is between cab ine t and BT ( fo r  jo in te r )
-  d is  end SS (canno t te s t)  *
-  HR d is
-  HR fa u lt  on lin e
B a tte ry
-  b a tte ry  fa u lt
-  b a tte ry  noise
-  res is tance  b a tte ry
-  leaky  b a tte ry  '
-  low b a t te ry  fa u lt  in  damp o ld e r cab ine t assem bly low  b a tte ry  fa u lt  
re je c te d  b y  SALT b u t  w ith in  lim its
-  m eta llic  fa u lt  = fu l l  50 v o lt  fa u lt  fu l l  con tac t w ith  a n o th e r lin e  = 50 
v o lt  fa u lt  b a tte ry  B
-  b a tte ry  B g iv in g  r in g  t r ip
-  50 v o lts  b a tte ry  B
-  b a tte ry  B on PCO caus ing  COAMI
-  b a tte ry  A
-  nas ty  b a tte ry  A
-  bad b a t te ry  A causing  P E T /no t re leas ing  a f te r  0 /L e s s  serious 
b a t te ry  A le a d in g  to  noise b a tte ry  A and B
-  local b a tte ry
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-  p o s it iv e  b a tte ry
-  p o s it iv e  b a t te ry  from  p r iv a te  equ ipm en t
-  p o s it iv e  b a t te ry  from  te lex
E arth
-  e a rth  fa u lt
-  e a rth  A
-  23 ohm e a rth  A
-  e a rth  A p re v e n tin g  r in g  t r ip
-  e a rth  A a llow ing  0 /G  calls b u t no t I/O
-  e a rth  A caus ing  hum on 0 /G  ca lls
-  low re s is ta n ce  e a rth  A from  damp p o le -to p  DP HR e a rth  A
-  e a rth  B g iv in g  PET and NDT
-  e a rth  A and B
R ing ing
-  r in g  t r ip  due re c tif ie d  loop
Mains
Noise
-  no isy  transm iss ion
-  b a t te ry  noise
-  noise due to  less serious b a tte ry  A
-  noise from  ca b in e t
-  noise from  jo in t
-  noise due HR jo in t
-  no isy  t ra n s m itte r
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Hum
-  e a rth  hum
-  ea rth  A hum when spea k ing  to  custom er
-  mains hum
Tele
-  p lu n g e rs  s tu c k
-  d ia l s tu c k
-  d ia l fa u lt  (speed and d ig its )
-  re c e iv e r o f f  fa u lt
-  te le  fa u lt  no t re q u ir in g  lin e  te s t etc
A ttachm ents
-  answ ering  machine r in g  t r ip
-  answ ering  machine fu l l  r in g  t r ip  and tone modem r in g  t r ip  and tone
-  call d iv e r te r
Cause
Damp
-  damp fa u lt
-  dampness
-  w a te r
Fu ll con tac t
-  exchange
-  cab ine t
-  jo in t
-  lin e
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S ite
-  n e tw o rk
-  te s tin g  ce n tre  sp u rio u s  r in g in g
-  d is ta n t exchange
-  ro u t in e r  r in g in g  fa u lt
-  C is t  d ro p p in g  o u t on m ete ring
-  crossed lin e s
-  exchange
-  s tu c k  N is t  m is ro u tin g  fa u lt
-  crossed lin e s
-  loss o f exchange DT
-  coin and fee check ing  equ ipm en t
-  g roup  se le c to r o u t
-  m u ltip le  PBX lines  on one g ro u p  e r ro r
-  u n ise le c to r fa u lt
-  L&K re la y  fa u lt
-  CNI
-  moving l in k  on IDF fo r  SS TOS (caus in g  PET)
-  re ve rsa l o f w ires  on f in a l se le c to r
-  MDF exchange side (IDF s ide)
-  ju m p e r fa u lt
-  c u tt in g  down to p ro v id e  new lin e  e r ro r
-  c u tt in g  down w ith o u t a p p ly in g  NU e r ro r
-  fu l l  co n ta c t fa u lt
-  d is  in  exchange
-  re c tif ie d  loop in  exchange
-  MDF lin e  s ide
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-  fu se  m ounting
-  fuses
-  o ld - ty p e  c irc u la r  fu se  d isp lacem ent
-  fuses  o u t = no fu se  in
-  d isca rded  ju m p e r w ire
-  so ld e r d ro p p in g s  ‘
-  d is  wedges
-  d is  wedges a f te r  m ete r tes ts
-  d is  wedges fo r  CNI
-  d is  B a t exchange
-  d is  on MDF o r  fuse
E xte rna l
-  m ajor breakdow n
-  fa u lt  in  400 p a ir
-  fa u lt  in  300 p a ir
-  cab ine t
-  m ajor cab ine t fa u lt
-  cab ine t assem bly fa u lt
-  low b a t te ry  fa u lt  in  damp o ld e r  cab ine t assem bly
-  in te rm it te n t  fu l l  con tac t a t cab ine t
-  d is  a t cab ine t
-  in te rm it te n t  d is  a t cab ine t
-  d is  between cab ine t and s u b 's  jo in t
-  cable breakdow n fa u lt
-  fa u lt  in  cable
-  fa u lt  in  50 p a ir
-  re c tif ie d  loop in  UG
-  d is  in  jo in t
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-  HR jo in t
-  noise due HR jo in t
-  (PBX r in g in g  lead con tinuous  r in g in g  fa u lt )
-  ( p i l la r  fa u lt )
-  o u ts id e  lin e
-  end SS d is  ( in a b il i ty  to  tes t)
-  DP fa u lt
-  DP fa u lt  w ith  e x is tin g  same DP fa u lt
-  low res is tance  e a rth  A from  damp p o le -to p  DP cu s tom er's  prem ises
-  p rem ises (= cus tom er's  prem ises)
-  fa u lt  a t cus tom er's  end (= prem ises)
-  in te rn a l w ir in g
-  re c t if ie d  loop
-  d is  be ll c ir c u it
-  m u ltip le  te les on w rong  ja cks
-  te lephone
-  re c e iv e r o f f
-  be ll phys ica l fa u lt
-  tra n s m itte r  fa u lt
-  noise
PBX e tc
-  MES exchange ja c k s  on w indow sill
-  loca l b a tte ry  fa u lts
-  HES in te rn a l b a t te ry  fa u lt  from  o th e r  B w ire s
-  b a t te ry  fa u lt  from  PBX sw itchboard
-  K&LU odd b a tte ry  and ea rth  co n d itio n s
-  M onarch s e lf-d ia g n o s tic  cond itions
-  ex tens ion  fa u lt
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Call O ffice
-  coinbox fa u lt
-  s lo ts  jammed
-  fo re ig n  co ins fa u lt
-  b a tte ry  B caus ing  COAMI
-  door no t c lo s ing  custom er
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A.9 DIAGNOSTIC SEQUENCES
The fo llo w in g  il lu s tra te s  th e  way in  w h ich sequences o f actions a re  e x tra c te d  
p r io r  to  the  iso la tion  o f ru le s
TYPICAL RSC DIAGNOSTIC SEQUENCES
General b e g inn ing  sequence fo r  many fa u lt  c o n d it io n s :-
Read docke t ->  Scan Card ->  E lec trica l Tests 
->  A ura l Tests ->  Ring Custom er etc
BASIC LINE TEST
T hrow  m on ito r............... In it ia l lis te n  on lin e  KZ m om entary
T h row  vo ltm e te r key .... .Tests B leg fo r  e a rth  KVM
T hrow  rece ive  ke y ........ Tests B leg fo r  ( -v e )  b a t te ry  KVM and KRN
T hrow  lin e  reve rse  key ...T es ts  A leg fo r  ( -v e )  b a t te ry  KVM, KRN and
KRA
Restore rece ive  ke y ......Tests A leg fo r  e a rth  KVM and KRA
T h row  e a rth  ke y .............E a rths  A leg
Restore lin e  re ve rse  key ..T es ts  capacitance KVM, KE + / -  KRA
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BASIC LINE TEST FOR ENHANCEMENT
Throw  m o n ito r ............... In it ia l lis te n  on lin e  KZ m om entary
(a) Th row  v o ltm e te r k e y ........ Tests B leg  fo r  e a rth  KVM
( f)  Th row  rece ive  neg key....Tests  B leg  fo r  ( -v e )  b a t te ry  KVM and KRN
( In s tru c t io n s  sugg es t done a f te r  loop te s t)
(g ) Th row  lin e  re v e rs e  key...Tests  A leg  fo r  ( -v e )  b a t te ry  KVM, KRN and
KRA
(b ) Restore re ce ive  key......Tests  A leg  fo r  e a rth  KVM and KRA
(e /c )  Th row  e a r th  k e y .....................E a rths A leg KVM ,KE and KRA
Tests (re v e rs e ) loop ..d rops  back fo r  re c tif ie d  .
(e /c )  Restore lin e  re v e rse  key....T ests  capacitance KVM, KE + / -  KRA
Tests norm al loop
I f  loop th ro w  speak and b a tte ry  key KKA no t m on ito r KZ
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A.10 OUTLINE RULE SEQUENCES
The fo llo w in g  a re  ty p ic a l ru le  sequences, assembled on ca rd s , and 
s u p p o r tin g  th e  d isco ve re d  d iagno s tic  sequences.
SEQUENCE 1
s ta r t  => read d o c k e t + scan ca rd
NOT a f te r  0 /G  + ca rd  scanned => te s t lin e
NOT a f te r  0 /G  + HR Earth  A => FDO/SF then  C
SEQUENCE 2
s ta r t
NOT + ca rd  scanned
NOT + TPET
NOT + PET + Exch 440
TOS
:> read d o cke t + scan ca rd  
:> te s t lin e
:> read exchange on ca rd  
:> check TOS book 
=> EFA
SEQUENCE 3
s ta r t
NOT + ca rd  scanned 
NOT + low  C 
A a n d /o r  B leg  low  C
read d o cke t + scan ca rd  
:> te s t lin e  
:> te s t C each leg  
:> FDO /dis o u t
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SEQUENCE 4
s ta r t
PET + ca rd  scanned 
PET + loop 
loop + sounds 
c lea r a f te r  how le r
=> read d o cke t + scan card  
=> te s t lin e
=> lis te n  fo r  noise o r  sounds
=> a p p ly  how le r
=> ca ll cus tom er + exp la in  + EF
SEQUENCE 5
s ta r t
NOT + ca rd  scanned
NOT + lin e  tes ted
PC key + NOT + DT
NDT + DT + 1000 ohm key
NDT + custom er DT re s to re d
=> read d o cke t + scan card  
=> te s t lin e  
=> PC key 
=> 1000 ohm key 
=> co n ta c t custom er 
=> re - f i le  as "custom er 
m isope ra tion "
SEQUENCE 6
s ta r t  => read d o cke t + scan card
NDT + ca rd  scanned => te s t lin e
NDT + low C => te s t C each leg
NDT + v .low  C leg A + norm al C leg B
=> te s t C a lt  ju n c tio n  
v .low  C leg  A -  C a lt  ju n c t io n  < 2 d iv is io n s
=> FDO/dis B in  exchange
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SEQUENCE 7
s ta r t
NDT + near bad cable 
b a tt  B + NDT + TNU
:> read d o cke t + scan ca rd  
:> te s t lin e
:> UG fa u lt  + adv ise  custom er
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APPENDIX B -  SUMMARY CHARACTERISTICS OF TASKS INVESTIGATED
COMMERCIAL BUSINESS UNDERWRITING (In s u ra n c e  Company)
Task D e scrip tion  
Im p lem enta tion  Details 
Problem D e sc rip tio  
Prob S tru c t  A ids 
G eneric Data 
S p e c ific  Data 
KSs
O pen/C losed Problem 
P ro a c ti v e /  Reacti ve 
Problem  S o lv in g
Comment
lA na lyse  business r is k  and p re p a re  q u o ta tio n  
:CUES us ing  AION ADS+IMS+IBM 3090 
[ In v ita t io n  to  quo te  from  b ra n ch  
[F reehand A4 Basis o f Q uota tion  -  V ir tu a l Form 
[Commercial Risk Manuals, Specia l Tables 
[P rev ious  quotes
[F u lly  lin k e d  PL,EL, R a ting , D iscoun ting  
['C losed'
[Reactive to  In v ita t io n  to  Quote 
[Sim ple Search Tree w ith  T es t a t nodes 
and leaves. Wide and sha llow  search.
[Search may sometimes be co n s tra in e d  b y  
bus iness ty p e  coverage  (eg PL, EL) 
spec ified  by  in v ita t io n  to  quo te
FOREIGN EXCHANGE EXPOSURE (Aero Engine M a n u fa c tu re r)
Task D e scrip tion [Devise method to  avo id  FX exposure
Im p lem enta tion  Details [PC C rys ta l
Problem D escrip tion [Telephone o r w r it te n  re q u e s t
Prob S tru c t  A ids [S tanda rd  form  o f ca lcu la tio n
G eneric  Data [Reuters, Te lera te  e tc
S p e c ific  Data [Request fo r  exposure co ve r
KSs [1
Open/C losed Problem [Closed
P ro a c ti v e /  Reacti ve [Reactive to  P u rchas ing  D epartm ent re q u e s t
Problem  S o lv ing [S im ple Search (A lg o r ith m ic )  T ree -  Test
a t nodes and leaves
Comment [Minimal expe rtise
BENCHTOP ELECTRONIC DIAGNOSIS (B r it is h  Telecom)
Task D escrip tion  
Im p lem enta tion  Details 
Problem  D escrip tion  
Prob S tru c t  A ids 
G eneric Data 
KSs
O pen/C losed Problem 
P ro a c ti v e /  Reacti ve 
Problem S o lv in g
Comment
[ Locate fa u lt  in  piece o f e le c tro n ic  equ ip m e n t 
[PC Based TRACKER in  m ic ro -P ro lo g  and p -L is p  
[F a u lt docke t from  f ie ld  fau ltsm an  
[Notes
[Notes (D ia ry ), d iagram , d e s c r ip tio n , m anuals 
:(1 ) Search and Test 
[Closed -  f in ite  num ber o f com ponents 
[Reactive to  "F a u lty " /s p e c if ic  d e s c r ip tio n  
[Dynamic Search T ree -  T es t a t nodes/leaves 
D iagnostic id e n tif ic a t io n  a t leaves 
P rocedura lised h yp o th e s is  and te s t a t nodes 
(optim ised search p a th ). U nexpected c lu es  
dynam ica lly  re a rra n g e  o r  p ru n e  tree . In i t ia l  
re p o r t  also re a rra n g e s  o r  p ru n e s  e x te n t  o f 
t re e  (eg bell fa u lt) .
[1 sub-dom ain fu l ly  searched  a t 'F a u lty ' 
d e fa u lt case
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AUDIT WORK PLANNING (Coopers & L y b ra n d )
O u tline  D escrip tion  
Im plem entation Details 
Problem D escrip tion  
P rob S tru c t A ids 
G eneric Data 
S p e c ific  Data 
KSs
Open/C losed Problem 
P ro a c ti ve /R eacti ve 
Problem S o lv ing
Comment
[Analyse a u d it  requ ire m en t & make w o rk  plan
[E xp e rte s t u s in g  QShell in  GC L isp
[A u d it p a r tn e r 's  re p o r t
[A u d it sched u le  form
[A u d it manual
[A u d it F ile  in c lu d in g  p re v io u s  yea rs  schedules 
[ In d iv id u a l p rocedures + lim ite d  com bination 
[Closed
[Reactive to  annual s ta tu to ry  need 
[M u ltip le  S im ple Search w ith  lim ite d  
o v e ra rc h in g  (co n c ilia to r)  f in d in g s  
[1 sub -dom a in  fu l ly  searched
BUSINESS PERFORMANCE ASSESSMENT (G overnm ent Health D epartm ent)
Task D escrip tion  
Im plem entation Details 
Problem D escrip tion  
Prob S tru c t A ids 
G eneric Data 
S p e c ific  Data 
KSs
O pen/C losed Problem 
P ro a c ti v e /  Reacti ve 
Problem  S o lv ing
Comment
[Make a re p o r t  on an o pe ra tiona l hea lth  u n it  
[DH Perform ance A d v iso r C ry s ta l/L o tu s  1 -2 -3  
[None
[D ra ft ->  F ina l Segmented R eport 
[PI R e la tionsh ip  C harts
[D is tr ic t  Data + O b jectives, P rev ious  R eports 
:(1)
[Closed
[Reactive to  Departm ental Need to  Report 
[M u ltip le  S im ple Search (s e m i-a lg o rith m ic ) 
w ith  S econdary Grand Conclusion 
[E sse n tia lly  exhaustive  search
MULTINATIONAL TAX PLANNING (Chemical M a n u fa c tu re r)
Task D escrip tion  
Im plem enta tion  Details 
Problem  D escrip tion  
Prob S tru c t  A ids 
G eneric Data 
S p e c ific  Data 
KSs
O pen/C losed Problem 
P ro a c ti v e /  Reacti ve
Problem  S o lv ing
Comment
[F ind  a ta x -e ff ic ie n t  co rp o ra te  s t ru c tu re  
[MNCT u s in g  A R T /Joshua /L isp  
[Memo from  C orpora te  T re a s u ry  
[T ria l p a r t ia l s tru c tu re s , t r ia l schedu les 
[E x is tin g  s t ru c tu re  + f is c a l re g u la tio n s  
[S u b s id ia ry  balance sheets + schedu les 
[(2) G roup v ie w p o in t + com pany v ie w p o in t 
[Open
[Reactive to  a cqu is ition , d iv id e n d  re q u e s t e tc 
P roac tive  fo r  more ta x -e ff ic ie n t  s t ru c tu re  
[P re -C o n s tra in e d  Search T ree (o r  fo rw a rd  
c h a in in g ) w ith  local re s u lt  a ffe c tin g  o ve ra ll 
re s u lt.  C o ns tra in ts  c o n s is t o f sem i-perm anent 
c o n s tra in ts  on ho ld ing  re la tio n s h ip s  p lus  
'a r t i f ic ia l ' problem  d e fin it io n  c o n s tra in ts  to 
c u r re n t  fo cu s  o f a tte n tio n  com pany. 
In te rn a lis e d  m u lti- le v e l feedback  (v ia  
c a lcu la tio n ) to  check e ffe c t on o v e ra ll tax 
paid on d iv id e n d s  to p a re n t com pany. Can be 
cons ide red  as damped ite ra t iv e  search .
[ Local re s u lts  fed back fo r  g loba l cons ide ra tion
476
A p p e n d ix  B
ENGINEERING PREVENTATIVE MAINTENANCE (C ig a re tte  M a n u fa c tu re r)
Task D escrip tion  
Im p lem en ta tion  Details 
Problem  D escrip tion  
Prob S tru c t  A ids 
G eneric  Data 
S p e c ific  Data 
KSs
O pen/C losed Problem 
P ro a c ti v e /  Reacti ve
Problem  S o lv ing
Comment
: Locate mechanical fa u lt  & make re p a ir  p lan 
:Not im plem ented 
[Verbal b reakdow n re p o r t  
[Work schedules
[M aintenance schedu les  (s p e c if ic  assem blies) 
[Machine m aintenance re co rd  
[(2) Planned + B reakdow n 
[Closed
[Reactive b reakdow n 
[P roactive  o p p o r tu n is t ic  m aintenance 
[P re -C onstra ined  Search T ree  (o r  fo rw a rd  
cha in ing ) w ith o u t loca l re s u lt  a ffe c tin g  
ove ra ll re s u lt  b u t  lo ca lised  o p p o r tu n is t ic  
fo rw a rd  ch a in in g . In i t ia l  fa u lt  re p o r t  p ru n e s  
tre e  b u t does no t re a rra n g e  it .
[Search co n s tra in e d  to  b reakdow n  assem bly 
-  necessary re p a ir  access causes search  fo r  
o p p o rtu n is t ic  m ain tenance
PERMANENT HEALTH INSURANCE (In s u ra n c e  Com pany)
Task D escrip tion  
Im p lem enta tion  Details 
Problem  D escrip tion  
P rob S tru c t  A ids 
G eneric  Data 
S p e c ific  Data 
KSs
O pen/C losed Problem 
P ro a c tive /R e a c tive  
Problem  S o lv ing
Comment
[Analyse a hea lth  r is k  and p re p a re  a q u o ta tio n  
[Not im plem ented 
[PHI A pp lica tion  Form 
[Freehand A4 Basis o f  Q uota tion  
[L ib ra ry  o f p re v io u s  quo tes, Special Rates 
[A pp lica tion  Forms, M edical Reports 
[Health x O ccupationa l R isk x  O ccupational 
Need x Money ->  C om bina to ria l E va lua tion  
[Closed
[Reactive to  In v ita t io n  to  Quote 
[M u ltip le  Wide Shallow  Scan w ith  M assive 
C om binatoria l G rand C onclusion  (ie  M u lt ip le  
D iagnostic Search w ith  F o rw a rd  C ha in ing  
Com binatoria l C onclus ion)
[Search as w ith  L ife  b u t  w id e r  coverage
LIFE UNDERWRITING (In su ra n ce  Company)
Task D escrip tion  
Im p lem enta tion  Details 
Problem  D escrip tion  
Prob S tru c t  A ids 
G eneric  Data 
S p e c ific  Data 
KSs
O pen/C losed Problem 
P ro a c ti ve /R eactive  
Problem  S o lv ing
Comment
[Analyse a l i fe  r is k  and p re p a re  a q u o ta tio n  
[New L ife  ES, AION ADS, IMS, IBM 3090 
[L ife  A pp lica tion  Form 
[NOBI 'Form '
[L ife  T eb les+S pec ia l R ates+C u ltu ra l s te re o ty p e s  
[A pp lica tion  form . M edical re p o r ts  
[A c tua ria l+M ed ica l+O ccupa tion /R es idence /S po rt 
["C losed" -  a r t i f ic ia l ly  c o n s tra in e d  
[Reactive to  'p rob lem ' on a p p lica tio n  fo rm  
[M u ltip le  Wide Shallow  Scan (o r  fo rw a rd  
cha in ing ) w ith  In s t itu t io n a lis e d  C o nstra ined  
Conclusion
[Search co n s tra in e d  b y  a p p lica tio n  fo rm  da ta  
in  th re e  fixe d  sub -do m a ins
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SMALL BUSINESS GUIDANCE (G overnm ent T ra in in g  A gency)
Task D escrip tion  
Im p lem enta tion  Details 
Problem  D e scrip tion  
Prob S tru c t  A ids 
G eneric Data 
S p e c ific  Data 
KSs
O pen/C losed Problem 
P ro a c ti v e /  Reacti ve 
Problem  S o lv in g  
Comment
[Make a re p o r t  on a small bus iness
[TAP Small Business A d v iso r
[Company name & business a c t iv i ty  d e s c r ip tio n
[In te rv ie w  notes
[S ecto r re p o r ts . F inancia l n e w s p a p e rs /jo u rn a ls  
[Accounts + company re p o rts  
[M u ltip le  (7)
[Open
[P roac tive  to  b e tte r  business goal.
[M u ltip le  w ith  Minimal Reference L in k in g  
[ In it ia l d ia g n o s tic  c o n v e rs a tio n /a n a ly s is
PENSIONS MANAGEMENT (P ub lic  U t i l i t y  Pension Scheme)
Task D e scrip tion  
Im p lem enta tion  Details 
Problem  D e scrip tion  
Prob S tru c t  A ids 
G eneric Data 
S p e c ific  Data 
KSs
O pen/C losed Problem  
P ro a c ti v e /  Reacti ve 
Problem  S o lv in g
Comment
[Answ er s p e c ific  question  from  scheme member 
[PC C rys ta l
[Verbal o r  w r it te n  e n q u iry  from  member 
[L e tte r  to  member
[Pensions Manual, HQ A d v is o ry  C irc u la rs  
[Member's reco rds  and co rrespondence
['C losed'
[p ro a c tive  to  e n q u iry  from  member 
[P re -C ons tra ined  Search w ith  M inim al 
In te r-A c c e s s  to  O ther Search A reas 
[Im plem entation problem s due to  m u ltip le  
c o n f lic t in g  expe rts
JOB SHOP SCHEDULING (Consumer P roducts  M a n u fa c tu re r)
Task D e scrip tion  
Im p lem enta tion  Details 
Problem  D e scrip tion  
Prob S tru c t  A ids 
G eneric Data 
S p e c ific  Data 
KSs
O pen/C losed Problem 
P ro a c ti v e /  Reacti ve 
Problem  S o lv in g
Comment
[S chedu ling  m u lti-s ta g e  processes in  a jo b  shop 
[Not im plem ented 
[O rder da ta  e tc
[G antt c h a rts , schedules, ca p a c ity  p lan  
[Machine capacities, m aintenance p lans  
[O rder data, e x is tin g  schedules 
[M u ltip le
[Closed (b u t  enormous so lu tion  space)
[Reactive to  m onth ly  sch ed u ling  re q u ire m e n t 
[M u ltip le  Simple Search w ith  Heavy 
In te r lo c k in g  -  Fixed Set o f Sub-D om ains 
[Poor 'e x p e rt ' perform ance
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TELECOM REPAIR SERVICE (B r it is h  Telecom)
Task D escrip tion : Locate fa u lt  in  a local te lephone  n e tw o rk
Im p lem enta tion  Details :"D IS " L isp-based ES
Problem  D escrip tion [F a u lt docke t
P rob S tru c t  A ids [Docket
G eneric  Data [Tables, Cable F au lt Records
S p e c ific  Data [Custom er F au lt H is to ry
KSs [(3 cons tan t) Report, Test, F au lt H is to ry
O pen/C losed Problem ["C losed"
P roacti ve /R eacti ve [Reactive to  problem  d e s c r ip tio n
Problem  S o lv in g [Cooperative  Search w ith  Heavy L in k in g
Comment [Sometimes sub-dom ain  c o n s tra in t  from  d o c k e t
EUROBOND WARRANT TRADING (In te rn a tio n a l Bank)
Task D escrip tion [F ix  a Eurobond o p tio n  p r ic e
Im p lem enta tion  Details [Not im plem ented
Problem  D e scrip tion [None
Prob S tru c t A ids [S lip , Spreadsheet
G eneric Data [R euters (+News), T e le ra te , F inancia l Times e tc
S p e c ific  Data [R euters (s p e c ific  page)
KSs [M u ltip le
Open/C losed Problem [Open
P ro a c ti v e /  Reacti ve [Reactive to  Need to  B u y /S e ll o r  answ er 
reque s t fo r  quo te  
P roactive  to  'Make Money' goal
Problem  S o lv in g [M u ltip le  Simple Search w ith  Heavy 
In te r lo c k in g  -  V a riab le  Set o f Sub-D om ains
Comment [Reactive fa ir ly  success fu l; p ro a c tiv e  g u t  
fee l -  "52% su cce ss fu l"
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APPENDIX C -  SUMMARY OF TASKS AND PROBLEM SOLVING COMPONENTS
TASKS
Telecom Repair S e rv ice  ------------------------
Pensions Management ---------------- -------
E urobond W arran t T ra d in g  -------------
Job Shop S chedu ling  ------------------------
Small Business Guidance -------------
L ife  U n d e rw r it in g  ------------------------
Perm anent Health In su ra n ce  -------------
E n g in e e rin g  P re ve n ta tive  M aintenance
M u ltin a tio n a l Tax P lann ing  :------------
Business Perform ance Assessment — 
A u d it  Work P lann ing
Benchtop E lec tron ic  Diagnosis ----------
Fo re ign  Exchange Exposure ----------
Commercial Business U n d e rw rit in g
PROBLEM SOLVING COMPONENTS
Global Data A cq u is itio n  ----------
In it ia l Problem A na lys is
Pre-Con s tra in in g
-  In s titu t io n a lis e d  ----------
-  Dom ain-Driven----------- ----------
S ing le  Domain ---------------------
Tests a t In te rm e d ia te  Nodes 
M u ltip le  Sub-Dom ains
-  D iscre te  ---------------------
-  O ve rlapp ing  ----------------------
-  Fixed Set ---------------------
-  V a riab le  Set ---------------------
Sub-Domain Reference L in k in g
-  None --------------------------------
-  M inimal --------------------------------
-  Heavy --------------------------------
-  Problem S o lv ing  ---------
-  H ypothes is  S tre n g th e n in g
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